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PREFACE. 

As in all other branches of industry founded on a 
chemical basis, a number of novelties have arisen in 
connection with enamel -making during the past few 
years. It would at the first glance appear advisable 
to have included these novelties, on an extensive scale, 
in revising the present work for this third (German) 
edition ; but, as novelty is not always synonymous 
with improvement, the author has preferred to 
restrict himself to such of the said novelties as 
have proved reliable when tested, his principal desire 
being to maintain conciseness and brevity in dealing 
with his materials : qualities indispensable to a book 
intended to act as a useful adviser to the practical 
man. 

There are two questions of great importance to 
the enamel manufacturer. One concerns the means 
whereby the consumption of fuel may be reduced to 
a minimum ; the other relates to the decoration of 
white enamel articles. Both these points have been 
considered on an extended scale in the present 
edition, and the practical man will be able to form 
a sound opinion on the nature of the case from the 
information given. 

Having received gratifying testimony from many 
|l experts as to the reliable advice on the preparaticm 
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IV PREFACE. 

and use of enamels afforded in the earlier editions, 
the author has not greatly altered the arrangement 
and treatment of the different sections in revising the 
present edition, the additions he considered necessary 
being mainly confined to methods of firing and to the 
decoration of the finished enamelled ware ; and he 
trusts that the new edition will meet the same favour- 
able reception as already accorded to the work. Any 
information relating to novelties in the domain of 
the enamel industry will be thankfully received and 
utilised for the common weal in preparing a future 
edition. 

PAUL RANDAU. 
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ENAMELS AND ENAMELLING. 

I. 

INTEODUCTION. 

The art of covering metallic and other articles with a^ 
coating, mostly composed of some coloured glaze, is one of 
considerable antiquity, and appears to have long been practised 
by the cultivated peoples of Eastern Asia, viz., the Chinese 
and Japanese. How long this same art has been known to 
Europeans cannot be definitely stated, but that the practice 
has been in vogue for several centuries is evidenced by the 
presence, in different European museums, of variously coloured 
specimens of enamelled work, most probably executed by 
Byzantine artists. 

Ancient records and the discoveries made in Egyptian,.. 
Grecian and Italian ruins, afford plenty of evidence that the 
ancient Egyptians were acquainted with coloured glasses and 
enamels, and knew how to manufacture them in various- 
shades, which knowledge appears also to have been shared 
by the Greeks, who in many of the arts and sciences were 
pupils of the Egyptians. Thus Democritus of Addera, who 
flourished in the fifth century before our era, is said to have 
discovered how to make imitation emeralds, and therefore 
must have been acquainted with the materials used for 
imparting a green coloration to glass. 

The Roman, Pliny, to whom we are indebted for his com- 
pilation on the condition of the natural science and technical 
knowledge of the age, makes repeated mention of coloured 
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glass, and states that perfectly colourless glass, approaching 
rock crystal in clearness, was held in the highest estimation. 

The materials employed by the ancients for colouring glass 
and enamel were precisely the same as those used at the 
present time, the chemical analysis of antique coloured glasses 
and fluxes showing that red was produced by cuprous oxide, 
green by cupric oxide, and blue by means of cobalt. To 
what extent the development of the art of glass-making had 
attained among the ancients is evident from the circumstance 
that they were thoroughly aware of the decolorising effect of 
manganese oxide on glass coloured green by iron, and made 
use of this body for purifying the glass. 

The art of manufacturing decorative articles, vessels, 
weapons and other objects, had already attained a high degree 
of perfection in the Orient at the time when the Crusades 
brought Europeans into closer contact with the inhabitants 
of Western Asia ; and it was most probably through the 
Crusaders returning from the Holy Land that these arts first 
became domiciled in France and Italy. 

A stimulative effect on the knowledge of the art of making 
glass and enamel was exercised by the development of alchemy, 
the followers of which science discovered, as a kind of by- 
product, methods of preparing differently coloured glass fluxes 
in the slag they only too frequently obtained in place of the 
gold anticipated. 

The first precise indications on the means of imparting 
<3olour to glass fluxes were given by the alchemist Porta, in 
his work Magia Naturalis (1567), which contained sundry 
recipes on this subject. Moreover, the art of making enamels 
had already at that time arrived at a high degree of eminence 
in Italy, evidence of which is afforded by still existing glass 
mosaics of the period, the work of Venetian artists. 

Information on the production of enamelled articles in 
particular was also given by Porta, as well as by a con- 
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temporary alchemist B. Palissy, the latter in his work De 
Vart de terre. It is probable that the use of tin had been 
known already in earlier times as an important constituent 
of various enamels, the ancient Greeks and Romans having 
been well acquainted with this metal, which was obtained by 
the Phoenicians from Britain. 

Whilst up to the beginning of the present century the use 
of coloured glass fluxes and enamels was confined to the 
decoration of articles of value and jewellery, in more recent 
times an industrial application has been found for enamel, 
as a coating for iron to enable the metal to withstand the 
influence of chemical reagents. In this connection specially 
good service has been rendered by Pleischl, of Vienna. It 
should not be forgotten, however, that a special, though some- 
what restricted, industrial application of enamel has existed 
for a considerable time, namely the enamelling of clock dials, 
which operation consists in coating a metallic (generally 
copper) substratum with a white (fused) enamel. 

In addition to covering domestic utensils (saucepans, etc.), 
and vessels for the manufacture of chemical preparations, 
enamel is now frequently used for coating the tubes of 
locomotive and marine boilers, water-pipes, and iron stoves 
(which thereby acquire the external appearance of fine porce- 
lain), as well as for various other purposes. The circumstance 
that enamel will not hold except on a surface of gold, copper, 
or iron, which is the reason why its use was formerly limited 
to articles made of these metals, is now no longer an impedi- 
ment to its application to other metals, since, by means of 
electro-plating, the latter can be covered by a thin layer of 
copper on which the enamel can be laid. 

The enamelling of iron on a large scale dates back no 
further than about fifty years, and those at first engaged in 
the industry contrived to keep their methods secret for a 
considerable time. Now, however, though many makers 
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still lay claim to the possession of special enamelling 
recipes known only to themselves, such claims may be 
regarded as intended merely for purposes of self-advertise- 
ment, since nowadays any one who has studied chemistry 
and has an extensive knowledge of glass-making, is, after 
careful examination of any enamel, and after a series of 
experiments based on the result, in a position to imitate an 
original to perfection, and to prepare enamels of thoroughly 
definite colour, fusibility, etc. 

Chemical knowledge, however, is not at present so wide- 
spread in industrial circles that one can proceed to describe 
the manufacture of enamels with a presumption that one's 
hearers or readers are fully acquainted with everything relat- 
ing to the metallic oxides and glass. Consequently, in order 
to adapt the present work to the needs of those who are 
deficient in a thorough knowledge of chemistry, the author 
considers it important to first give some general information 
as to the nature of glass and the properties of such metallic 
oxides as find employment in the preparations of enamel. 
The necessity for dealing more particularly with glass arises 
from the nature of the enamels themselves, since these bodies 
consist of glass which, by suitable admixtures, is rendered 
either transparent or perfectly opaque ; this glass forms the 
basis of every enamel, and is itself really enamel — in fact the 
most generally used white enamel — which can be converted 
by the employment of suitable pigments into the various 
coloured enamels. 

The capacity of enamel to withstand fiuctuations of tem- 
perature and the action of chemicals, is chiefly dependent on 
the constitution of the glass basis. One is therefore perfectly 
justified in saying that no one can make really good enamels 
unless thoroughly acquainted with the nature of glass, and 
in a position to prepare glass masses of the constitution 
requisite for the purpose of making enamel. 



INTRODUCTION. 5 

The raw materials for this purpose may be divided into 
three groups : (1) Those required for the production of glass; 
(2) those used to convert the glass into an enamel of a given 
colour; (3) those serving to increase the fusibility of the 
product. 



II. 



THE COMPOSITION AND PROPERTIES OF GLASS. 

In point of chemical composition every glass must be 
regarded as a mixture of two or more salts, there being, 
really, only one exception to this rule, viz., the so-called 
''water glass'* which consists of a single salt. Formerly 
silica was the only acid body employed to combine with the 
basic substances present in glass; but at the present time 
boric acid is also used in some kinds of glass, a matter of some 
importance in connection with the object now in view, since 
this last-named acid has considerable influence on certain of 
the properties with which glass is endowed. One result 
of the use of boric acid is that, whereas formerly glass could 
be considered as a mixture of silicates alone, this point of 
view now< requires modification, according to circumstances, 
and glasses containing boric acid must be characterised as 
borosilicates. 

At one time the bases employed in glass-making were few 
in number, and consisted solely of potash, soda and lime, so 
that the product could be entitled either a silicate of potash 
and lime, or a silicate of soda and lime. Nowadays, how- 
ever, white glass contains, in addition, zinc oxide and lead 
oxide, which are used to impart certain qualities to the product. 

The bases just named share with magnesia the property 
of forming with silica colourless compounds which can be 
melted or fused by exposure to a suitable decree of heat. 
Other bodies, such as alumina, are, it is true, also capable of 
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forming colourless compounds with silica, but are not suitable 
for glass-making — the melting-points of their silicates being 
higher than the temperature attainable in glass furnaces. 

In addition to the colourless glasses there is another series 
exhibiting certain shades of colour. The silicates of iron, 
cobalt, copper, manganese, etc., for example, possess highly- 
characteristic colours, a property utilised in analytical 
chemistry to detect the presence of the oxides of these 
metals by the coloration they impart to certain fluxes before 
the blowpipe. 

The colour of these last-named silicates is so intense as to 
generally appear quite black, the true colour only becoming 
apparent when the pure silicates are attenuated or diluted by 
admixture with others that are colourless. Thus, for example, 
to produce a glass tinted blue by cobaltous oxide, a colourless 
glass mass must be mixed either with a cobalt compound or 
with a glass already deeply coloured with cobalt. 

Certain oxides and other compounds are insoluble in glass, 
and consequently by their aid one can convert colourless glass 
into a perfectly white or semi-translucent porcelain-like mass. 
The bodies most frequently employed for this purpose are 
calcium phosphate (in the form of bone ash) and tin oxide. 
It is exclusively to this class of glass that the enamels belong, 
and on that account they will be more completely dealt with 
later. 

Glass may be divided into four classes, in accordance with 
its chemical composition, viz. : — 

1. Glass with one or two bases of the same group : water 
glass (potassium and sodium silicate). 

2. Glass containing several bases of diiierent groups : — 

a. Lime glass. — Soda-lime glass or potash-lime glass. 

b. Lead glass. — Lead-sodium silicate. 

3. Coloured glasses: soda-lime glass with an addition of 
oxides forming coloured compounds with silica. 
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4. Opaque glasses : soda-lime glass containing bone ash 
or tin oxide. 

5. Opaque coloured glasses: soda-lime glass (frequently 
also mixed with lead glass) containing bone ash or tin oxide, 
and coloured with metallic oxides. 

Classes 4 and 5 are the kinds with which we have most 
concern, those of class 4 forming the white enamels, whilst 
all the coloured enamels are comprised in class 5. 

The most prominent of the general properties of glass 
is its indifference towards chemicals, and it is precisely this 
quality which is of such importance in the industrial employ- 
ment of enamels. 

With the exception of hydrofluoric acid and the caustic 
alkalies, no chemical reagent has any apparent influence on 
properly constituted glass unless the exposure be prolonged 
for years ; consequently, it may rightly be said that glass is 
insusceptible to chemical influences, apart from the bodies 
just referred to. This property of indifference is, however, 
only met with in perfection in the potash-lime glasses, those 
containing lead having an inferior capacity of resistance ; and 
enamels are again inferior to the latter, because usually less 
attention is bestowed on their possession of this quality than 
on their ready fusibility. 

In connection with enamels, however, one should bear in 
mind the purposes for which they are intended. Thus, when 
it is merely a question of embellishing an artistic or decorative 
article, then durability becomes a relatively unimportant 
matter, since such articles are never exposed to the full 
influence of the weather ; consequently the composition of 
the enamel need not be specially designed with a view to 
ensuring durability or resisting power. 

On the other hand, the conditions are different for enamels 
destined to protect the surface of metals from the action of 
chemicals, beauty of colour being in such event a minor con- 
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•sideration in comparison with power to withstand external 
influences. 

The property of resistance in both glass and enamel 
entirely depends on their chemical composition, properly con- 
stituted glasses being able to withstand the action of the 
Atmosphere for centuries without appreciable injury ; whilst 
if defective, only a very few years will elapse before peculiar 
symptoms of decomposition will become manifest — the glasi^ 
becomes dull, even opaque, and thin scales peel oft*, this occur- 
rence being preceded by iridescence. The last phenomenon 
is due not to the formation of coloured compounds but to a 
special property possessed by extremely thin strata of colour- 
less bodies, and one that is particularly well exemplified in 
the case of soap bubbles. After the separation of these scales 
the glass appears dull, and exhibits an uneven surface. 

This decomposition is the result of the action of atmo- 
49pheric carbonic acid (carbon-dioxide) which dissolves a portion 
of the alkali base and liberates silica. The subjoined analyses 
of the external layers and inner portion of an antique Roman 
glass vessel plainly indicate the similarity between this de- 
composition and the weathering of silicate rocks : — 

External Internal 

layer. inasn. 

Silica 48-8 59-2 

Alumina 3-4 5*6 

Lime . . .- 11*3 7*0 

Magnesia 6*8 10 

Perrons oxide 11*3 2*5 

Manganous oxide trace trace 

Soda — 21-7 

Potash — 3-0 

Moisture 19*3 — 

Many kinds of glass become dull (" blind ") suddenly, for 
the most part after exposure to moderate warmth. This is 
frequently observable in the case of potash glass, and is due 
to the formation of an aqueous silicate. The prolonged action 
of hot water seems to corrode every kind of glass to a greater 
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or smaller extent ; and, if conjoined with high pressure, leads 
to total decomposition of the glass, which yields up alkali to- 
the water and becomes converted into an earthy-looking mass 
of particularly tender crystals. 

Alkaline liquids, and particularly the concentrated caustic 
alkalies, attack glass the most, the first effect produced being 
the formation of innumerable tiny fissures which gradually 
extend throughout the entire substance of the glass. As the 
enamels in general belong to the least resistent type of glass, 
special care must be taken not to employ enamelled vessels 
for heating solutions of caustic alkalies. 

The effect produced on glass varies according to the reagent 
employed ; and in this connection the following results obtained 
by a series of experiments will not be devoid of interest, especi- 
ally as they are also generally applicable to enamels. 

In the case of many kinds of glass the energy of the 
reaction is most pronounced at the outset, and increases very 
rapidly as the temperature is raised. Alkalies, even in dilute 
solutions, corrode glass very extensively, whilst dilute acids 
are less corrosive than water — except dilute sulphuric acid, 
which is more powerful than the latter. Salts containing acids 
which form insoluble compounds with lime, attack glass more 
vigorously than water does, the effect varying directly with 
the concentration of the solution — to this class belong the 
salts of the alkali metals with sulphuric acid, phosphoric acid, 
carbonic acid and oxalic acid. Chlorides and nitrates, on the 
other hand, have but little influence, the effect decreasing as 
the solutions are more highly concentrated. 

The resisting power of lead glass is unusually small, the 
glass being attacked by substances entirely without action 
on other kinds of glass. Even sulphuretted hydrogen or 
ammonium sulphide is strong enough to spoil the transparency 
of lead glass, which, under their influence, turns grey from 
the formation of lead sulphide. Unfortunately, many enamel 
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manufacturers regard the addition of a considerable proportion 
of lead glass as inevitable, being of the erroneous opinion that 
this is the sole efficacious method of obtaining a sufficiently 
fusible product. 

Although it is indisputable, that for certain purposes of the 
enamelling industry an addition of lead glass to the mixture 
cannot be dispensed with, it should nevertheless be as small as 
possible, and especially for enamels intended for use on cooking 
utensils, lead preparations being undesirable for such ware. 

Another point that cannot be too closely looked after by 
makers of enamels is the behaviour of the glass when heated, 
as it depends entirely on the composition of the glass mass 
whether the enamel coating of a cooking utensil will remain 
unaltered for a considerable time or will crack or peel off 
after the article has been a little while in use. 

Unless composed of specially refractory materials, the 
glass mass, on exposure to very high temperatures, will become 
as thin in consistency as moderately concentrated syrup. The 
molten mass becomes thicker and thicker in proportion as the 
temperature is reduced, and thus the consistency can be 
changed at will by regulating the temperature. 

When glass is cooled down very quickly, it becomes so 
brittle that a slight shock is often sufficient to make it crack 
or fly. Glass prepared in this manner is totally unfit for any 
technical purpose, careful and protracted cooling (annealing) 
at a slow rate being necessary, as the sole means of attaining 
the requisite degree of elasticity. 

In the case of enamels proper cooling is a still more 
important matter, owing to the fact that the metal surface 
with which the enamel is in such close connection expands 
when warmed and contracts again on cooling ; consequently, 
unless the enamel is able to assimilate to this motion of the 
underlying metal it will inevitably lose its coherence, and in a 
very short time will be traversed by innumerable small cracks. 
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When glass is maintained for a considerable length of time 
a.t a temperature very near to fusing point, the phenomenon 
known as devitrification occurs, the mass becoming dull and 
opaque, whilst at the same time its hardness greatly increases, 
so that in some instances the glass will strike fire with steel. 

The cause of devitrification is to be sought in the circum- 
stance that, during the protracted transition from the fluid to 
the solid state, a portion of the silicates in the glass crystallises, 
and thereby imparts a semblance of porcelain to the whole. 
A closer examination of the glass reveals the presence of 
•colourless crystals in the colourless matrix, the opacity of the 
whole being the result of a difference of refractive power 
between the two, the degree of which influences the appear- 
ance of the glass so that the latter may even seem quite white. 

Another very peculiar phenomenon, hitherto unexplained, 
is the action of light on glass. It is known from a number of 
casual observations and more thorough experiments that glass, 
on exposure to light, either changes in shade if previously 
coloured, or, if colourless, acquires a tinge of colour. Thus, 
for example, glass that has been decolorised by manganese 
•compounds turns a beautiful violet shade after prolonged 
exposure to light. As this is a matter of some importance 
for enamels as well, particularly those in delicate colours, the 
results of the observations made on the colour changes under- 
gone by different kinds of glass, are now given : — 

Before After 



Faint green 



/• N 

Exposure to Light. 
French sheet glass. . Bluish white . . Yellowish. 

-German crystal glass 
English sheet glai^ 
„ crown glass 
Belgian window glass 
English „ „ 

American crystal glass 
»j »» »> 



»> »» 
»» >» 



. Bluish tinge. 

. Yellowish green. 

. Faint purple. 

. Dark purple. 

. Brownish green. 

White, faint bluish tinge White purple. 

„ „ „ ,, Faint yellowish green. 

Ordinary American glass Bluish green . Unchanged. 



Brownish yellow 
Dark green 
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Taken altogether, the foregoing general remarks on the 
properties of glass apply equally to enamels ; and special 
attention should again be directed to the necessity of selecting 
the materials for technical enamels, so that the mass exhibits 
a minimum of susceptibility to the action of chemicals, and at 
the same time possesses a coefficient of expansion sufficient to 
preclude the risk of cracking when in use. 



III. 

RAW MATERIALS FOR THE MANUFACTURE OF 

ENAMELS. 

The raw materials worked up into enamel are numerous 
and diverse in character, the production of the various 
coloured enamels necessitating the employment of many- 
substances not generally used for glass-making. They may 
all, however, be divided into two main classes : the general or 
fundamental materials, essential to every enamel ; and the 
particular substances required to impart certain definite 
qualities — fusibility and colour — to special kinds of enamel. 
The first class may be termed fundamental, and the second 
supplementary, materials; a third class, of subsidiary materials, 
comprising certain substances used in applying the enamel, 
though not in the actual process of manufacture. 

Fundamental Materials. 

. Since, as has already been stated, enamels should be 
reckoned as being in the same category with glass, it follows 
that their production necessitates the use of the same materials 
as are used in glass-making. 

Ordinary glass consists, as mentioned above, of soda, lime 
and silica, or potash, lime and silica, or of mixtures of these sili- 
cates, lead silicate, in addition, forming an important constituent 
of many kinds such as the so-called flint glass and crystal 
glass. The small, though inevitable, proportion of extraneous 
impurities such as ferric oxide, may be dismissed from con- 
sideration as merely accidental, especially in fine white glass. 
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•Consequently, the materials used for making glass must 
<5ontain one or other of the above-mentioned compounds. 
The matrix of enamel must also contain a very finely 
divided infusible white substance, generally tin oxide or bone 
ash, to render the glass opaque ; and, as one or other of these 
is an essential constituent of all enamels, they must also be 
reckoned among the fundamental materials. As the success 
of the resulting product depends on the suitability of these 
materials, a more precise account of their properties and 
method of preparation will now be given. 

Silica. 

This substance is one of the most extensively distributed 
bodies met with in our planet, being not only a main con- 
.stituent of the rocks (e,g., granite and gneiss) forming the 
highest and largest mountains in the world, but also occur- 
ring in a pure state in numerous deposits. 

The minerals, rock crystal, quartz and quartz sand, 
AS well as flint, consist of almost perfectly pure silica ; as 
do also the minerals known under the names of amethyst 
(violet), citrin (yellow), smoky topaz and morion (smoke brown 
to black), the only admixture being the minute proportion of 
•extraneous matter producing the particular colour in each 
•case. 

From the chemical point of view, silica is composed of silicon 
(Si) and oxygen (Og) = SiO^. There are two allotropic modifica- 
tions of this body : the crystalline (found almost pure, as rock 
•crystal and quartz), and the amorphous form — e.g,, flint, hyalite 
and opal. 

Silica belongs to the class of bodies that are infusible when 
iieated alone. It is inert towards other substances, and is 
unattacked by the strongest acids ; in fact there are only two 
bodies capable of acting upon it at all, viz,, hydrofluoric acid 
And the alkalies. On boiling quartz in a solution of caustic 
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potash or caustic soda a considerable part of the silica passea 
into solution ; and if silica be fused along with potash, soda or 
an alkaline earth (lime) it readily combines with them to form 
more or less refractory compounds (silicates), a reaction on 
which the manufacture of glass and enamels is based. 

At the ordinary temperature silica is such a weak acid 
that it can be displaced from its soluble compounds even hy 
carbonic acid, solutions of the so-called water glass (sodium 
silicate) quickly setting, when exposed to the air, to a gelatin- 
ous mass in consequence of the atmospheric carbon-dioxide 
causing the precipitation of the silica in a hydrated condition 
fsoluble silica) as a voluminous mass. 

On the other hand, at high temperatures, silica, by reason 
of its non- volatility, forms the most powerful acid known. At 
a strong red heat it will readily displace sulphuric, and even 
phosphoric, acid from their respective compounds — a property 
which is often utilised in glass-making by replacing the pure 
alkalies by their sulphatic salts. 

The principal varieties of silica coming under consideration 
for our purposes are quartz, quartz sand and flint; rock 
crystal being the very best of all when available, though' as a 
rule it is too costly to be dreamed of as a material for the 
manufacture of glass or ordinary enamels. When, however,, 
it is a question of producing a small quantity of fine enamel,, 
especially such as are required to be of very delicate shades 
of colour, then rock crystal should always be used, as it greatly 
facilitates the work. 

The quartz sand encountered in extensive deposits on the 
shores of rivers, etc., is usually derived from quartz-bearing 
rocks that have been broken up and transported by the force 
of water. When the sand is very white it originated in 
(juartz rock, and forms an excellent raw material for enamels 
and fine white glass ; and, moreover, requires but little pre- 
paratory treatment to render it fit for use. 
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Quartz sand resulting from the decomposition of granite 
or gneiss, mostly contains small quantities of the minerals 
associated with quartz in these rocks. These minerals, 
however, are felspar and mica, the former in the state of 
(generally white) crystals, whilst the latter is generally in the 
condition of very tine crystalline flakes, green or black in 
colour. The presence of these impurities in quartz sand 
greatly reduces the value of the latter for our purpose ; since, 
on the one hand, they considerably diminish the fusibility of 
the glass, and, on the other hand, mica [imparts a strong 
coloration to the product. As it is a difiicult, and on a large 
scale impracticable, operation to purify the quartz sand from 
these admixtures, such sands must be discarded when the 
production of fine glass is in question, though they may be 
advantageously employed for making commoner qualities. 

In many places fine-grained sandstones are met with, 
consisting almost entirely of pure quartz sand, the individual 
grains of which are cemented together by a relatively small 
amount of lime. When treated in a suitable manner to get 
rid of this lime, sandstones of this class form a very useful 
source of silica for glass- or enamel-making. 

An excellent material for enamels and fine glass is afibrded. 
by the so-called infusorial or diatomaceous earth (Kieselguhr> 
which occurs as a fine, nearly pure white mass, so soft as to 
be easily reduced to an almost impalpable powder by rubbing 
between the fingers. Microscopic examination shows this 
wrongly named " infusorial earth " to consist of the siliceous 
integument of diatoms, polythalamia and other lower or- 
ganisms, the organic constituents of which have entirely dis- 
appeared, leaving behind only the outer shells of nearly pure 
silica. 

For the purposes of the glass-maker, however, diatomaceous 
earth is a somewhat troublesome material to deal with in 

working on a large scale, being so bulky as to give rise to 

2 
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considerable difficulty in charging the pots. This difficulty- 
disappears when the production of fine enamels is in question, 
and for this purpose the use of diatomaceous earth is highly 
advisable. 

Many kinds of quartz and quai'tz sand would be well 
adapted for the manufacture of glass were it not for their 
content of compounds of iron which give rise to an undesirable 
coloration of the product. In many cases this difficulty can 
be obviated in the manner described below, and a simple test 
for the direct suitability of a given sample of quartz material 
consists in exposing a portion of the same to a strong red heat 
and comparing its colour, after cooling, with that of the 
original sample. If the colour is unaltered, or has merely 
acquired a yellowish tinge, then the quartz may be regarded 
either as perfectly free from iron or as containing merely a 
negligible quantity of that metal. On the other hand, if it 
has changed to a decided red, the presence of a large amount 
of iron oxide is indicated, and the quartz must either be used 
solely for common glass, or else be subjected to purification. 

Purifying Quartz. 

This operation consists in suffusing the finely pulverised 
quartz with a mixture of equal parts of crude hydrochloric 
acid and water, the liquid being poured off again after a short 
time, and the quartz afterwards washed repeatedly with water. 
The iron oxide present will be dissolved by the hydrochloric 
acid, provided the quartz has not previously been very strongly 
calcined ; if, however, the iron is in the form of silicates, these 
compounds will not be decomposed by the acid, and will 
impart a brown coloration to the glass in the subsequent 
stage of melting the mass. 

This hydrochloric acid treatment, however, being rather 
expensive, and, as we have seen, not always attended with 
the desired result, cannot be specially recommended ; and it is 
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preferable — for fine white or good coloured enamels — to pick 
out the best colourless quartz and use this by itself. 

In preparing enamels for technical purposes the chief 
point to be regarded is the power of withstanding the action 
of chemicals and rapid changes of temperature, colour being 
a subordinate consideration ; consequently, in such cases, the 
selection of the quartz need not be looked after so strictly, 
since a slight yellow tinge will do no harm, and will, moreover, 
be for the most part masked by the white components in the 
matrix. For enamels for coating the inside of cooking utensils, 
where a pure white colour is more particularly required, no 
trouble should be spared in sorting out a very pure grade of 
quartz or even in procuring the same from a distance, as the 
better colour of the enamel and higher value of the ware will 
more than compensate for the greater initial outlay. 

Sedime7itation. 

A very useful method of freeing quartz sand from ex- 
traneous admixtures is that of washing by sedimentation, 
which is particularly advisable when, as not infrequently 
happens, the chief impurity is clay. It may be stated here 
that the silicates of alumina form glasses of exceedingly high 
fusing point, and consequently these bodies require to be 
eliminated from quartz sand intended for the production of 
enamels. 

The washing is effected in a very simple arrangement of 
wooden tubs provided with tap holes at different heights. 
One of these tubs is filled about three parts full with clean 
water, which is stirred round and round while the sand is run 
in. As soon as this is done the stirring is discontinued, and, 
after waiting a few minutes until it seems probable that the 
sandy particles have settled down, the uppermost tap hole 
is opened and the water run off. 

When the sand contains clay, the particles of which float 
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in suspension much longer than those of the quartz, the water 
runs away quite muddy, and the tap holes are opened in 
succession until the tub is empty ; whereupon the taps are shut 
again and a fresh supply of water is added, the sand being 
stirred up once more and the settling and washing repeated 
until finally the added water runs away perfectly clean — a 
proof that all the clay has been washed out. 

To preserve the washed sand from contamination it is 
shovelled out of the tubs with wooden shovels and packed in 
strong canvas cloths until air-dry, whereupon it is stored in 
tightly closed wooden bins until required for use. Iron 
shovels must not be used, the hard quartz wearing them out 
by attrition, whereby the sand becomes contaminated with 
iron in sufficient (though small) amount to produce an ap- 
preciable coloration of the glass made from such sand. 

Quenching, 

To fit rock crystal, quartz rock, or flint for use in glass- or 
enamel-making, these materials must be subjected to a process 
of comminution to bring them into the condition of coarse 
meal, because larger granules of quartz are only dissolved with 
difficulty by the glass mass and will be readily discernible 
in the finished product. Now, to grind down large quantities 
of a mineral like quartz, which is of the seventh degree of 
hardness, would require a truly gigantic expenditure of force ; 
and therefore to enable the reduction to be effected with a 
smaller consumption of power the material is first subjected 
to heating, followed by a rapid process of cooling. 

When rock crystal, quartz rock or flint is strongly cal- 
cined and then at once thrown into water, the cooled lumps 
exhibit innumerable fine cracks both on the surface and 
throughout the mass. The sudden contraction ensuing on 
the contact of the glowing material with water is so extensive 
in the superficial layers as to overcome the cohesion of the 
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particles and to produce an infinite number of cracks, throngh 
which the water gains access to the still glowing interior, 
whereby it is converted into steam, which forces the particles 
of quartz asunder by its expansion. 

This method of sudden cooling is known in practice as 
" quenching," and if a lump of quartz that has been treated in 
this way is struck with a hammer, it breaks up into a number 
of small fragments easily reducible bo a fine powder. 




The furnaces uised foi' calciniuy; quartz are very simple, a 
useful type being shown in Fig. 1. The cylindrical shaft of 
fireproof material, about ltt-20 inches in <lianieter and 60 to 
80 inches high, is closed at the top by a hinged cover of cast 
iron lined with fii-eclay. Below, at the front of the furnace, 
is an aperture of the same width as the internal diameter of 
the shaft and al>out H inches high, which can be closed by a 
door provided with a ilamper, and in front of this opening 
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is a brick-lined pit filled with water. Immediately underneath 
the top cover, the shaft communicates with a chimney capable 
of producing a good draught. 

The shaft is first charged, about one-third full with glow- 
ing coal, which is then covered with a layer of the quartz to 
be calcined. Another stratum of fuel is spread on the top of 
this, and the shaft is filled up to the top with alternating 
layers of quartz and fuel. The amount of the latter required 
to properly calcine a given weight of quartz has to be deter- 
mined by experiment. 

As soon as the lower charge of fuel is consumed and the 
glowing quartz has sunk to the bottom of the shaft, it is 
raked quickly out of the furnace and falls into the quenching 
pit ; and in proportion as the lower charges of quartz are 
removed, the shaft is replenished by adding more quartz and 
fuel at the top. By this means the furnace is kept continuously 
in action, so that very large quantities of quartz can be 
quenched in a short time and with a minimum consumption 
of fuel. The quenched quartz is next broken down into coarse 
powder in a stamping mill, and is then screened, the coarser 
particles being returned to the stamps, while the remainder, 
passing through the fine-mesh screen, is ground to fine meal. 

Although the mechanical reduction of such a hard mineral 
as quartz is rather expensive, the operation is one requiring 
extreme care since it facilitates the production of perfect 
homogeneity in the subsequent fusion of the enamel mass. 

The Alkalies. 

The second class of indispensable constituents for glass 
and enamel is that of the alkalies. As already mentioned, 
silica, when fused with a single alkali, forms a mass which 
bears the name of glass (water glass) but is distinguishable 
from all other kinds of glass by its solubility in water ; and 
it is only when an alkaline earth (lime) or an oxide of some 



BAW MATERIALS FOB THE MANUFACTUBE OF ENAMELS. 23 

heavy metal (lead oxide) is added that the product usually 
known as glass is obtained. 

For our purpose the alkalies can be used in the form of 
various compounds, because, as already stated, silica decom- 
poses all these combinations at a red heat, and seizes upon the 
alkali for itself. For glass-making the compounds of both 
potash and soda can be utilised ; but, generally speaking, the 
last named alone is employed in the preparation of enamels — 
the potash glasses, though more resistant than those made 
from soda, being too refractory for our purpose. 

The potassium and sodium compounds generally employed 
are as follows : — 

A. Potassium Compounds. 

Potash (impure potassium carbonate K^COg). 

Wood ashes (a mixture of salts of calcium, magnesium, 

potassium and sodium, together with small quantities 

of iron oxide). The soluble part of wood ashes consists 

mainly of potassium carbonate. 
Sulphate of potash or potassium sulpha te,K2S04 (by-product 

from certain chemical processes). 

B. Sodium Co7npoiL7ids. 

Common salt (sodium chloride, NaCl). 

Soda (sodium carbonate, Na2C03). 

Kelp (impure sodium carbonate). 

Glauber salt (sodium sulphate, Na.2S04, manufactured, and 

also obtained as a by-product in nitric acid works). 
Pan stone (a mixture of variable quantities of sodium 

sulphate and calcium sulphate CaSO^ chipped out of 

salt pans m the process of cleaning). 



I 
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A. Potassium Compounds. 
Potash. 

In countries where wood is abundant, potash is obtained 
by lixiviating wood ashes, evaporating the extract to dryness, 
and calcining the residue. This "calcined potash'' is of a 
greyish blue or reddish colour, due to the presence of com- 
pounds of manganese or iron from the wood. Th^ yellow or 
red tinge is particularly objectionable because the ferric oxide 
contained in such potash is a very strong pigment ; and con- 
sequently, since this body influences the colour of glass, such 
high-coloured grades of potash should not be used in the pre- 
paration of enamels. Moreover, potash entirely free from 
iron and therefore admirably adapted for our purpose, can 
now be obtained in commerce. Potash belongs to the class 
of strongly hygroscopic substances, and must therefore be 
stored in tightly-closed barrels lined with paper. 

Wood Ashes. 

Wood ashes may be regarded as potash containing, in ad- 
dition to the usual saline matter, a certain, though small, 
quantity of carbon, to which the greyish colour of the mass 
is due. As this carbon and the iron compounds present 
unfavourably affect the colour of glass, ordinary wood ashes 
should only be used for making common glass. 

Snljyhate of Potash. 

Formerly this salt was more frequently obtained as a by- 
product of nitric acid manufacture than at present, because it 
was then the practice to make this acid from saltpetre (potas- 
sium nitrate) exclusively, whereas now, the cheaper nitrate 
of soda is almost always used in making nitric acid. 

Since the effect of potash salts is to reduce the fusibility 
of glass, they are seldom employed in the preparation of 
enamels. Nevertheless, for special enamels required to with- 
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stand the action of chemicals, potash is used though in the 
form of felspar (which contains potassium silicate) and not 
.as the above-named salt. 

B. Sodium Compounds. 

Common Salt (Sodium Chloride). 

This substance is obtained from salt mines, either in the 
crude form of rock salt, or in the manufactured (purified) 
condition, the former containing gypsum and clay, and being 
<3oloured grey or yellow by compounds of iron. Salt is 
not much used in enamel-making, since other sodium com- 
pounds better suited to the purpose can be obtained at low 
rates. 

Soda (Sodium Carbonate). 

This chemical product, which is manufactured in enormous 
•quantities in special works, is met with in commerce in two 
forms : sbda crystals and calcined (or anhydrous) soda. The 
former kind is in large water-white colourless crystals, which, 
however, on prolonged exposure in the air, become covered 
with a white incrustation, and finally fall entirely into the 
state of powder, the change being attended with a great loss 
in weight. This is due to the evaporation of the water of 
crystallisation, though a certain proportion of the latter is 
more firmly retained and can only be driven oft* by cal- 
cination. 

When soda is heated it melts at a low temperature and 
forms a watery flux which continues to evolve aqueous vapour 
until the whole of the water of crystallisation has evapor- 
ated. It is only when greater heat (strong red heat) is 
applied that the residual water is di-iven off and the soda is 
converted into anhydrous sodium carbonate, which is com- 
mercially known as " calcined soda ". 

As the anhydrous form will absorb water when brought 
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into contact therewith, and change into soda crystals, which 
dissolve in the water, calcined soda can be used for purposes 
for which a solution of soda is required, and is often purchased, 
in preference to the crystals, in order to save expense of dead 
freight on the water of crystallisation. 

For enamel manufacturers, of course, water is a useless 
encumbrance ; and they, therefore, buy. calcined soda exclu- 
sively. As, however, the ordinary calcined soda, even when 
perfectly white in appearance, always contains a notable pro- 
portion of iron compounds which spoil the colour of enamel 
by producing a yellow tinge, this soda can only be used for 
enamels wherein colour is an unimportant consideration. 

Enamel Soda. 

The trade in soda for enamel-making having developed 
considerably, alkali makers now comply with the demand for 
a non-ferruginous soda and supply, under the name of " enamel 
soda," a product which may be regarded as perfectly free frona 
iron. To this end the soda is purified by frequent crystal- 
lisations until the most delicate reagents fail to reveal the 
presence of iron, except in traces, the product being after- 
wards spread out in heated rooms until thoroughly dry. 

Enamel soda is, it is true, dearer than the ordinary kind ; 
but it furnishes a pure white enamel, whereas the ordinary 
soda, even when fairly pure, gives rise to a yellowish tinge, 
the extent of which depends on the amount of iron present. 

Kelp. 

This article of commerce is an impure soda obtained by 
calcining seaweed on the Irish and Scottish coasts. As it 
contains a number of other salts in addition to sodium car- 
bonate it is unsuitable for any but the commoner kinds of 
enamel. Since the development of the manufacture of soda 
from common salt, the trade in this impure soda has gi-eatly 
declined. 
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Glauber Salt (Sodium Sulphate), 

At present this salt is obtained in large quantities as a 
by-product in the manufacture of nitric acid, and usually 
occurs in the form of white hemispherical cakes, in which 
condition it is recovered on breaking the glass retorts used 
for distilling the nitric acid (from sodium nitrate and sul- 
phuric acid). This kind of Glauber salt is less contaminated 
with extraneous bodies than the other qualities obtained when 
crude nitric acid is prepared by distillation in iron cylinders. 

In the first stage of soda manufacture, common salt is 
converted into Glauber salt and hydrochloric acid, by treat- 
ment with sulphric acid. The product in this case is rendered 
very impure by iron compounds and would furnish yellow 
enamels ; consequently it must be purified by repeated re- 
crystallisations from solution in water, followed by de- 
hydration. 

Pan Stone 

Is usually a mixture of sodium and calcium sulphate, but 
always contains, in addition, a certain quantity of substances 
capable of colouring glass, and therefore is unsuitable for the 
production of fine enamels. 

Alkaline Earths. 

The substances classified under this title, although exhibit- 
ing strong basic properties and in this respect resembling the 
alkalies, differ from the last named in being only very sparingly 
soluble in water and in forming insoluble compounds when 
fused with silica. For our purposes only two of the alkaline 
earths come under consideration, viz,, lime and magnesia. 

Lime (Calcium Oxide.) 

Lime does not occur in a pure state in nature, but is found 
in enormous quantities in the form of calcium carbonate (lime- 
stone, marble, chalk, etc.), and calcium sulphate (gypsum, 
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alabaster). The carbonate is the usual variety employed in 
making glass and enamel. 

Limestone. 

Ordinary limestone is composed of calcium carbonate, 
and almost invariably contains foreign admixtures capable 
of exerting an injurious influence. Most limestones contain 
small quantities of organic matter, ferrous carbonate, mag- 
nesium carbonate and occasionally clay as well. 

Organic matter, unless in excessive amount, is not harm- 
ful, the carbon formed therefrom in the process of smelting 
being capable of removal by the addition of small quantities 
of oxidising substances. If, however, the proportion of or- 
ganic matter is so large as to render the limestone dark grey 
or black, the latter is hardly fit for use as a constituent of 
enamel, unless previously treated, for which purpase the 
limestone may be advantageously burnt in kilns, an operation 
resulting in the elimination of both the carbon dioxide and the 
organic matter. 

More ominous is the presence of ferrous carbonate as 
a constituent of limestone, since even small quantities of 
this salt will impart a noticeable bottle-green coloration to 
enamel. Ferric oxide has a less powerful influence on the 
colour than ferrous oxide ; consequently, in testing the 
suitability of a limestone for the manufacture of enamel, it is 
advisable to make a small trial smelting, with an addition of 
some oxidising agent, to convert the ferrous oxide into ferric 
oxide, which latter will tinge the glass yellow, but less 
powerfully than the ferrous oxide would colour it green. 

Furthermore, the suitability of a limestone for our pur- 
pose can be gauged by its appearance after prolonged exposure 
to the air, a reddish-yellow coloration of the lumps, or the 
formation of a number of red veins therein, indicating the 
presence of iron in large proportion; such a limestone may 
be rejected as unsuitable, without any further test. 
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Dolomite. 

Many limestones, and more particularly the so-called 
dolomites, contain variable quantities of magnesium carbonate. 
The effect of this compound is to cause the enamel to become 
more refractory in direct proportion to the amount of mag- 
nesium present ; in some cases this property is beneficial. As 
far as colour is concerned, magnesia has no influence at all 
— the silicates of the metal being themselves colourless. 

Chalk. 

Chemically speaking, the pulverulent white mineral, chalk, 
consists of calcium carbonate. Examined under the micro- 
scope, it is seen to be made up of the shells of tiny marine 
animals, the organic matter of which has, however, long dis- 
appeared. For our purposes chalk is an excellent material, 
since it is free from iron, and, being in an extremely fine 
state of division, readily unites with the other ingredients 
during the operation of smelting. 

Calcined mussel shells also constitute a splendid material 
for enamel-making, wherever they are obtainable in large 
quantities, as they consist of nothing but very pure calcium 
carbonate. 

Argillaceous Limestone. 

Certain limestones, known under the name of marl, contain 
large proportions of clay and are also generally rather rich in 
iron. Even apart from the latter consideration, such lime- 
stones cannot be recommended as raw material for enamels, 
the presence of clay rendering the product very refractory. 
Moreover, the amount of the clay and its behaviour can only 
be accurately determined by chemical analysis and trial 
smeltings respectively. 

Gausticisincj Waste (Kalkdscher). 

Where wood ashes are converted into caustic lye, for 
soap-making, by treatment with slaked lime and lixiviation in 
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large tubs, a residue is obtained, consisting for the most part 
of calcium carbonate together with a small amount of potash 
salts, and almost all the ferric oxide present in the wood ashes. 
In point of quality this product is comparable with ferrugin- 
oiLS limestone and is therefore of but very low value as a 
material for the preparation of enamel. 

Magnesia. 

» 

This alkaline earth, which resembles lime but is more 
sparingly soluble, occurs in nature as magnesium carbonate 
(magnesite), and magnesium sulphate (Epsom salts) ; and as 
already stated, dolomite consists of varying proportions of the 
carbonates of lime and magnesia. Magnesium carbonate is 
also met with as a manufactured product in commerce. 

Magnesium Carbonate. 

Small quantities of this salt are used in the manufacture 
of enamels, to reduce their fusibility ; and freedom from iron 
is a particularly important consideration. Good magnesium 
carbonate must form a pure white, very light mass, that can 
be easily reduced to an impalpable powder by rubbing between 
the fingers. 

Magnesium Sulphate {Epsmn Salts). 

This substance appears in the form of colourless, readily 
soluble crystals of very bitter taste, and parting with their 
water of crystallisation when heated. It is not very often 
used in the preparation of enamels. 

Lead Compounds. 

The silicates of lead being colourless and readily fusible, 
compounds of this metal are frequently employed for pro- 
ducing fusible enamels, the most common forms being the 
oxides (litharge and red lead) or the carbonate (white lead). 
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Lead Oxide. 

Lead oxide is met with in commerce as a product of certain 
smelting works, and especially as a by-product of the refining 
■of silver lead. There are two principal qualities — massicot and 
litharge, the former being the handsomer, and forming by 
reason of its fine yellow shade a good artisfs colour ; it is 
however too dear for enamels. 

Litharge differs from massicot by its inferior pale yellow 
•colour, and is to be had at much lower rates. It is usually a 
by-product of the preparation of silver from silver lead. 

Since, however, this kind of lead occasionally contains 
iron and copper, which pass into the litharge as oxides, it is 
impossible to produce white enamels from such impure raw 
material ; the latter must therefore be examined by analysis 
or by a trial smelting. The green coloration noticeable in 
-certain parts of the litharge indicates, of itself, the presence 
of copper. 

When purchasable, litharge made from very pure lead 
(e.(/., Carynthian litharge), is exceedingly well adapted for 
our purpose. A very small percentage of foreign metallic 
oxides may be present without any ill effect on the quality of 
the enamel, but practical experience has shown that the pro- 
portion of the various metals in litharge should not exceed : — 

per cent. 



Copper 


. 0-0041 


Antimony . 


. 0-0050 


Bismuth 


. 0-0050.0-0075 



>> 



»» 



if perfectly white enamels are to be made. 

As already mentioned, particular care in the selection of 
materials is only necessary when a perfectly white or pure- 
•coloured product is desired, whilst in the case of technical 
enamels the principal point to be considered is the adjustment 
of the constituents so as to yield a durable article. 
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Bed Lead {Minium). 

This is also an oxide of lead, but differs from litharge 
(PbO) in containing a larger proportion of oxygen, its com- 
position being represented by PbgO^ or Pb^O-. It is prepared 
in red lead works, by roasting finely ppwdered litharge, and, 
when a certain temperature is reached, acquires the fiery red 
colour on account of which it is employed by painters. 

So far as the colour of red lead is concerned, this is 
quite immaterial for our purpose, and the only reason why 
enamel-makers should prefer to have it as brilliant as possible, 
is that this condition is an indication of purity and freedom 
from iron or copper, since it is only from litharge that is 
excellent in this particular that a really good coloured red 
lead can be obtained. 

During the fusion of the enamel mass, red lead gives off 
oxygen and is reduced to the state of PbO which combines 
with silica. The liberated oxygen converts any ferrous oxide 
present into the ferric state and also facilitates the combustion 
of the last traces of organic matter in the quartz sand. Though 
somewhat expensive, red lead is an excellent material to use 
in making enamel on account of the above-mentioned pro- 
perties. 

White Lead. 

White lead (basic lead carbonate) is made on a large scale 
in special factories, for use as a paint. In the pure state it is 
a brilliant white, amorphous powder, and it is on account 
of its non-crystalline nature that this body possesses such 
extensive covering power as a pigment. For the purposes 
to which white lead is devoted in the manufacture of enamel, 
however, this property is of no value, and therefore the 
cheaper crystalline variety will do equally well. The 
principal consideration is perfect freedom from iron, copper, 
or other impurities ; and as the commercial grades are 
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frequently adulterated with large quantities of finely ground 
barytes, clay and other heavy substances, for the sake of 
cheapness, such kinds are absolutely worthless for our purpose, 
and, indeed, are capable of injuring the properties of the 
enamel. Consequently none but perfectly pure white lead 
should be purchased. Fortunately this can be done, as all 
large makers will supply it of guaranteed purity ; besides, 
adulteration can be detected in a very simple manner as 
follows : — 

Pure white lead will dissolve completely, without leaving 
any residue, in dilute acetic acid ; the presence of residue indi- 
cating adulteration with barytes, clay, or gypsum. To test for 
chalk, the solution of white lead in the above acid is treated 
with a current of sulphuretted hydrogen gas so long as a 
precipitate of lead sulphide continues to form ; this latter is 
then separated by filtration, and the filtrate is treated with 
ammonium oxalate solution. The occurrence of a white 
precipitate shows that the white lead contained chalk. 

In itself, the presence of such chalk is not adverse to our- 
purpose, since lime is a constituent of enamel ; but there is no 
need to pay for chalk at the high rate charged for white lead, 
and therefore it is well to test the sample and assure oneself 
of its purity or otherwise. 

Lead Sulphate, 

This salt is recovered in large quantities as a by-product 
in n^any chemical processes, and can be bought at a low price. 
For our purposes it possesses the admirable property of being 
perfectly free from iron and copper, and is as suitable as any 
other lead salt for the manufacture of glass and enamel. To 
reduce this sulphate a little carbon is added to the mass before 
smelting — as must also be done when other sulphates (e.g., 
Glauber salt or magnesium sulphate) are used. 
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Barytes (Barium Sulphate). 

This is another material to which attention should be 
directed as suitable for use in enamel manufacture, especially 
on the large scale. It occurs naturally in many places, as the 
so-called heavy spar ; and is, in point of chemical composition, 
barium sulphate. As it belongs to the alkaline-earth group, 
barytes may be employed for our purpose to replace a portion 
of the lime used. 

Properly constituted enamel masses containing barytes 
must also contain lime, in addition to soda, and will then 
yield very useful products. According to Benrath a baryta 
glass, having the following composition : — 

4 NagO + 4 BaO + 4 CaOa + 36 SiOa, 

exhibits the properties of a good lead glass, and is more 
readily fusible than ordinary glasses ; but, unlike lead glass, 
is not attacked by a reducing fire. 

Witherite, 

This mineral consists of barium carbonate and can be used 
in place of heavy spar. When the latter is employedTan 
addition of carbon is requisite in order to reduce the sulphate, 
but this is unnecessary in the case of witherite. * 



IV. 
SUBSTANCES ADDED TO PRODUCE OPACITY. 

The materials described in the previous section are those 
forming the true glass substance. Other bodies have also 
been proposed, as zinc oxide, by whose aid glasses suitable 
for certain purposes can be prepared, though it is not advisable 
to resort to such bodies in compounding enamel masses. 

Enamels always contain certain infusible white substances 
which render the glass opaque ; and for this purpose, as already 
mentioned, use is generally made of tin oxide or bone ash. 
In view of the great influence exerted by these two materials 
on the character of the enamel, a fuller description of them 
must now be given. 

Tin Oxide (Stannic Oxide). 

Tin oxide (SnOg), when chemically pure, is a heavy powder 
of a pure white colour, and by itself is totally infusible. When 
suspended in a finely divided condition in, and enveloped by, 
a fused colourless mass (glass) it renders the latter translucent 
or altogether opaque, according to the proportion in which it 
is used. 

In commerce this oxide is met with as so-called ** tin ash '* ; 
but as this is never quite pure and always contains lead oxide, 
frequently associated with ferric oxide and small quantities 
of cupric oxide, it is advisable to prepare one's own tin oxide 
either by the wet or dry process. 

In the wet process, fine tin is first granulated by melting 
the metal and pouring it into cold water. This is then 
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shaken up with fuming nitric acid in a vessel of glass or 
glazed porcelain, whereupon a brisk reaction occurs, the nitric 
acid being decomposed, with evolution of brown fumes, whilst 
the tin is converted into a white powder — tin oxide — which 
settles down to the bottom of the vessel. As soon as the 
action of the nitric acid has abated, a fresh quantity is added, 
and is followed by further gradual additions until finally the 
reaction ceases altogether. 

Owing to the violence of the reaction the acid must be 
added in small quantities at a time, as otherwise the contents 
of the vessel will come over ; the work should also be done in 
the open air or under a chimney with a good draught, as the 
brown fumes (nitric oxide and hyponitrous acid) cause great 
inconvenience to the respiratory organs. 

After the reaction is at an end, the vessel is left at rest for 
a day, whereupon the supernatant acid (which may be used 
over again) is carefully decanted from the white deposit, 
and the latter is washed several times with water, by 
sedimentation. To remove the final traces of nitric acid, the 
tin oxide precipitate is afterwards repeatedly washed in a 
glass funnel and then dried, the funnel being meanwhile 
kept covered over with paper to exclude dust. 

The product thus obtained is of excellent quality, but is 
too expensive for any but the finest enamels, which are required 
to remain perfectly white or be tinged with very delicate 
colours. 

To prepare tin oxide by the dry method, the process em- 
ployed by manufacturers of tin ash is imitated, the metal 
being fused in a flat stoneware pan and afterwards raised to 
a strong red heat. The rapidity of the oxidation is in direct 
proportion to the temperature to which the molten metal is 
exposed. 

At first the surface of the metal becomes covered with a 
blackish pellicle, consisting of tin protoxide (stannous oxide). 



SUBSTANCES ADDED TO PEODUCE OPACITY. 37 

but when more heat is applied this is converted into stannic 
oxide, a change indicated by the whitening of the pellicle. 
This skin is now removed by means of a hook, whereupon the 
underlying surface of metal forms another pellicle of oxide 
directly it comes in contact with the air. When the tempera- 
ture is suflSciently high, the process of oxidation goes on very 
rapidly, so that a large quantity of tin can be converted into 
oxide in a short time. 

The operation may also be accelerated by employing an 
alloy of tin and lead, the following proportions : — 

Tin . . . .82 per cent. 
Lead . . . . 18 „ 

being highly adapted for the purpose. Of course the amount 
of lead present must be borne in mind when compounding the 
enamel mass, and the amount of lead oxide be proportionally 
reduced. An alloy of the foregoing composition oxidises more 
readily than pure tin, and furnishes a yellow-looking mass, the 
colour of which is due to the lead oxide present. When the 
enamel mass is fused, the lead compound combines with silica 
and the pure tin oxide renders the product opaque. 

Crude tin ash always contains a certain amount of unaltered 
tin and stannous oxide. The simplest method of eliminating 
these impurities is by moistening the mass with fuming nitric 
acid and leaving it to stand for a while, the action of the acid 
being to convert both substances into stannic oxide. This 
method, however, is applicable only when pure tin has been 
employed, as in the case of tin-lead alloys — the nitric acid dis- 
solves the resulting lead oxide. 

In the latter event, therefore, the product must be purified 
by sedimental washing (elutriation), by which treatment the 
particles of metal are left behind ; the final traces of stannous 
oxide in the product are then converted into stannic oxide by 
calcining the dried mass in thin layers. 
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Bone Ash. 

In the case of enamels which are merely required to be 
translucent, without being brilliantly white, bone ash may be 
used with advantage. This substance, prepared by calcining 
bones in presence of air and then grinding and elutriating the 
residue, forms a greyish- white powder, and chiefly consists of 
tri-basic calcium phosphate together with calcium and mag- 
nesium phosphate. 

For our purpose the calcium phosphate is the principal 
constituent, which substance, when pure, is a perfectly infusible 
white crystalline mass. A large proportion of the bone ash 
now met with in commerce comes from South America, the 
meat extract factories at Fray-Bentos in Uruguay employing 
the bones of the slaughtered cattle for heating the furnaces. 
Bone ash of dark grey colour contains an admixture of carbon 
from the added fuel, but this substance can easily be got rid 
of by 9,dding to the enamel mass a little saltpetre, which, during 
the process of smelting, gives oft* oxygen and consumes the 
carbon. 

Subsidiary Ingredients. 

This category comprises all substances added to the white 
fundamental mass of the enamel with the object of modifying 
its properties in any way. They may be subdivided into 
three classes according to the purposes which they are intended 
to serve : — 

1. Fluxes, to increase or diminish the fusibilitv of the mass. 

2. Pigments^ to colour the enamel. 

eS. Decolorants, for modifying or totally destroying the 
colour of the fundamental mass. 



V. 
FLUXES. 

The attainment of a suitable degree of fluidity in an 
enamel at a given temperature, is one of the most important 
factors in the operation of enamelling, and depends greatly on 
the skill of the operator entrusted with the duty of mixing 
the ingredients to be melted. 

As, in almost every factory where enamels are prepared 
on a large scale, certain proportions are adhered to in mixing, 
whereby the composition of the raw materials at disposal has 
to be taken into consideration, the nature and quantity of the 
fluxes to be used can only be ascertained by special experi- 
ments in each case ; and for readily apparent reasons, the 
makers usually keep their formulae secret. 

We can therefore only deal with the properties of the 
fluxes in a general manner, reserving more exact particulars 
as to the amounts to be used in order to produce enamels of 
definite character, until the section devoted to formulae is 
reached, such recipes being calculated on the basis of perfectly 
pure materials. The fluxes used in the enamel industry are : 
borax, fluorspar, clay, broken glass (cullet), porcelain sherds, 
gypsum and felspar. 

Borax. 

This substance, which forms one of the most extensively 
employed fluxes in nearly all enamel works, behaves in a 
peculiar manner, in that it plays a direct part in the formation 
of the glass matrix. Before passing to the influence of borax 
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on the character of enamel, we will first devote a little attention 
to the chemical properties of this salt. 

In point of chemical composition borax is a compound of 
sodium, boron and oxygen, viz, : sodium-biborate (NagB^O^ + 
lOHgO), and forms prismatic crystals which dissolve in twelve 
parts of cold, or two parts of hot, water. In addition to this 
ordinary form a second variety is known under the name of 
octahedral borax, differing from the former by containing only 
half as much water of crystallisation. 

When heated, borax fuses at a moderate temperature and 
very soon begins to froth up (intumesce) to such an extent 
that a very large vessel must be employed or the mass will 
overflow. In this process, water of crystallisation is given 
off, and finally, a white, highly porous residue of calcined 
borax is left. 

For the purposes of the enamel-maker calcined borax is 
generally used, the frothing of the ordinary kind being a 
source of great trouble in the melting process. While still 
warm, the calcined borax is reduced to fine powder and stored 
in properly closed vessels ; otherwise it greedily absorbs mois- 
ture from the air and changes back — at least in part — into 
the crystalline form. 

When calcined borax is heated to bright redness it finally 
fuses into a colourless glassy mass, the so-called vitrified 
borax, or borax glass. For our purposes, however, this treat- 
ment is unnecessary, the same result being produced in the 
melting of the enamel. 

Is is, however, always advisable to melt a small sample of 
the borax before purchasing, in order to test for the presence 
of pigmentary oxides. If pure, the borax will remain as clear 
as glass, but if the fused mass exhibits a yellow tinge ferric 
oxide is indicated ; copper gives a green coloration, and 
manganese compounds a violet shade. 

From a chemical point of view the behaviour of borax 
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resembles that of silica to a certain extent. It consists as 
already stated of sodium bi-borate (acid borate) — that is to 
say, the boric acid present is only half saturated and is still 
able to combine with metallic oxides. Now, boric acid ex- 
hibits many points of similarity to silica in that, while only 
a weak acid at the ordinary temperature, its fire-resisting 
properties enable it to displace the strongest acids from their 
<K)mbinations, at red heat. 

Of the salts formed by boric acid, only those of the 
alkalies are soluble in water, and the fusion of an insoluble 
borate with a soluble one results in the latter being also 
rendered insoluble. Thus, for example, when sodium borate 
and calcium borate are fused together in certain proportions, 
the resulting mass looks like a colourless glass and may be 
regarded as such a one in which silica is replaced by boric 
acid. 

When a basic oxide is brought into contact with borax a 
double salt is formed, the second equivalent of boric acid 
combining with the oxide in question whilst the salt thus 
formed unites with the neutral sodium monoborate. As a 
rule, however, glasses containing boric acid alone, are not 
prepared, but only a portion of the silica is replaced by boric 
acid in compounding glass and enamels. 

The most valuable property of boric acid glasses, for our 
purpose, is that they usually have a fusing point much lower 
than that of silica glass, and will run freely at a temperature 
whereat the latter is still semi-fluid. It must, however, be 
noted that the resisting power of enamels and glasses contain- 
ing boric acid is inferior to those containing silica alone. 

The addition of lead oxide and borax to an enamel mass 
gives an enamel characterised by a very low fusing point, and 
consequently one that can be used in very thin layers. Not 
only, however, does the use of borax depend on this property, 
but it also serves a very important purpose in the preparation 
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of coloured enamels, namely, to dissolve the pigmentary me- 
tallic oxides ; and as the borates of many heavy metals form 
highly characteristic and handsomely coloured compounds, 
borax is added to the mass with this object in view. Besides, 
the fluidity of the enamel mass, when borax is present, facili- 
tates the uniform distribution of the colour. 

The tints imparted to borax by certain of the metallic 
oxides are so intense that, as already mentioned, this salt is 
employed as a blowpipe test for small traces of those metals ; 
and this property is of special value to the enamel-maker as 
affording a simple means of detecting impurities in his raw 
materials. This matter will be referred to later on. 

Boric Acid. 

We have already seen that the active substance in borax 
is the semi-combined boric acid ; and this acid in the free 
state can, under certain conditions, be used direct instead of 
the sodium salt. At the present time boric acid can be 
obtained pure, in commerce, in the form of pearly, and 
somewhat greasy-feeling crystalline plates. 

When added to an enamel mass, boric acid behaves in a 
similar manner to borax ; in such event care must be taken 
to make up for the deficiency as regards soda ir; the mass ; 
as, however, this requires special calculation, enamel manu- 
facturers generally prefer to use calcined borax and leave 
boric acid alone. 

Fluor Spar. 

Fluor spar or fluorite is a mineral composed of calcium 
and fluorine (CaFg), and occurs in nature either as handsome 
tessular crystals or in compact masses. It may be perfectly 
water-white in appearance, but other specimens exhibit a 
variety of colour in many diflerent shades. Since these 
colorations are due to the presence of small amounts of 
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metallic oxides, it is always preferable for our purpose to 
employ the colourless or only slightly tinged kinds. 

Used alone, fluor spar fuses at a red heat and consequently 
diminishes the refractory character of enamel masses. It 
should, however, be observed that when the mass contains 
an excess of silica, uncombined with bases, this body 
decomposes the fluor spar during the process of fusion — 
calcium silicate being formed. 

Clay. 

The mineral to which the general name of clay has been 
given exhibits highly divergent characteristics, which are due 
to the conditions under which the clay was formed. Now 
clay is a product of the decomposition of felspar, which latter 
body consists of silicates of aluminium and potash, and there- 
fore resembles glass in composition. Under the destructive 
influence of air and water, felspar is decomposed, the alu- 
minium silicate remaining behind as an insoluble substance 
— clay; whilst the potassium silicate is carried away by the 
water. Hence it is that crystals of felspar are not infrequently 
found coated with aluminium silicate. 

Kaolin, or Porcelain Earth. 

Porcelain earth (ChiTiese, kaolin) may be regarded as the 
purest form of clay, and consists exclusively of aluminium 
silicate. It forms an insoluble, pure white powder, infusible 
at the highest furnace temperature attainable ; and therefore 
may be used for the same purpose as tin oxide or bone ash, 
namely, to impart a white colour to glass. To some extent 
porcelain may be considered as a glass, which melts only at 
the highest temperatures attainable in our furnaces, and con- 
sists of felspar and silica containing very finely divided 
particles of kaolin in suspension ; so that, in thin pieces, 
porcelain is translucent, but perfectly white in thicker 
layers. 
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If, however, kaolin is fused along with mixtures contain- 
ing silica in excess, it is partly dissolved and forms with the 
silica an unusually refractory glass. Hence kaolin is used 
for this purpase in the manufacture of enamel ; great care 
being, however, necessary in apportioning the amount of 
kaolin added, since the enamel mass may thereby easily be 
rendered so refractory as to be practically infusible, especially 
in large quantity. 

White, or Pipe, Clay. 

This kind of clay is a kaolin more or less contaminated 
with lime and quartz sand, in consequence of which it fuses 
at a much lower temperature than porcelain earth ; though, 
like the latter, it is used to diminish the fusibility of enamel 
masses. Both kinds of clay should be entirely, or very 
nearly, free from traces of iron oxide, or undesirable colora- 
tions of the mass will ensue. 

In fact these two clays are really the only ones at all 
suitable for the purposes of the enamel-maker, the other 
varieties being usually so highly contaminated with other 
minerals as to yield only coloured enamel masses. Clays 
formed by the weathering of felspathic rocks (granite, gneiss) 
frequently contain a deal of mica, the ferrous oxide in which 
colours the enamel green ; others again are so charged with 
ferrous oxide as to appear of a grey-blue colour, which, when 
the clay is calcined, changes into the well-known brick red, 
owing to the conversion of the ferrous oxide into ferric oxide ; 
whilst still other clays contain so much lime and quartz sand 
that they sinter, or even melt, in the heat of the brick kiln, 
and change into a blackish vitreous mass. Clay exhibiting 
this tendency is of little value to the enamel-maker, and 
is, at the most, only suitable for common dark coloured 
qualities. 
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Felspar. 



This mineral is met with in a variety of forms in nature : 

sometimes alone, sometimes as a constituent of rocks, like 

granite, gneiss, etc. 

In composition, ordinary felspar is a combination of 

aluminium silicate with potassium silicate. For our purposes 
the white kind, known as albite, is the chief one to be con- 
sidered, the coloured varieties being less suitable, owing to 
their content of ferric oxide. 

Pure felspar fuses only at the temperature of the porcelain 
kiln, and then forms a transparent, highly crystalline mass 
of considerable hardness. As already mentioned, it constitutes 
in conjunction with silica the true matrix of porcelain within 
which the kaolin particles are embedded. The addition of 
felspar to enamels greatly decreases their fusibility. 

By reason of its hardness, felspar has to be prepared in the 
same manner as quartz, viz., by quenching, in order to obtain 
it in a finely-divided condition. 

Gypsum. 

Gypsum, which is calcium sulphate in combination with 
water, is found in a high state of purity, in crystalline masses 
(moonstone) ; or fine-grained (alabaster, gypsum), all these 
kinds being suitable for our purposes, except greyish-blue and 
red gypsum, the colour of which is due to oxides of iron. 

As a general thing, in the preparation of enamels, gypsum 
is used only in conjunction with felspar or barytes ; its eftect 
on the refractory properties of enamel is to reduce them to a 
moderate extent. 

Porcelain Sherds. 

As porcelain usually consists of felspar, quartz and kaolin, 
the first and last of these substances when added to enamel in 
the form of ground porcelain sherds, render the product more 
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refractory, while at the same time its power of resisting the 
action of chemicals is also increased. In sorting out the 
porcelain sherds for enamel, all painted pieces must be thrown 
out, as otherwise they would impart colour to the product. 

Broken Glass (Gullet). 

Glass constituting the matrix of enamel, the addition of 
glass cullet to the enamel mass is therefore a rational proceed- 
ing. Owing to the considerable variety in the composition of 
different kinds of glass, however, it is always necessary to 
determine beforehand, by a trial smelting, the amount and 
nature of the additions to be made to the glass to produce an 
enamel mass of suitable character. 

The sorting of the cullet is an important operation, as, for 
white enamel, all coloured glass must be excluded and only 
plain glass used. The coloured pieces are collected and 
smelted by themselves for use in lower class goods where 
colour is of less importance. If the glass is too fusible, this 
defect can be remedied by an addition of refractory substances, 
while in the converse event fluor spar, etc., may be added. 

Owing to the great differences in composition and fusibility 
of the various kinds of glass, it is only by experiment that the 
remedies to be employed can be ascertained. 
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VI. 
PIGMENTS. 

Enamel masses have the property of acquiring any desired 
colour ; and, when properly prepared, the colours are character- 
ised by brilliancy, lustre and indestructibility — qualities which 
explain the preference shown for coloured enamels in the pro- 
duction of very valuable works of art. 

Although, in the case of enamels for technical purposes, 
colour is a minor consideration in comparison with the inner 
qualities of the product, viz., power of withstanding the action 
of chemicals and considerable fluctuations of temperature, 
beauty of colour is nevertheless a matter of some importance 
even in such enamels. Thus it is well known that cooking 
utensils, for example, that are coated with nicely coloured 
enamels, have a better sale than those covered with white 
enamel, notwithstanding that the latter is much more service- 
able than the others. 

The pigments employed in this industry are all of the 
metallic-oxide group. As already mentioned, certain oxides 
of the heavy metals have the property of colouring glass ; and 
though very highly coloured glasses are used to colour certain 
•enamels, it must be remembered that the pigmentary principle 
of these glasses is an oxide, and consequently one is justified 
in saying that the colour of all enamel masses is due to certain 
metallic oxides. 

The object of the present work is twofold, in that it is in- 
tended to treat of the preparation of enamel masses both for 
artistic and industrial purposes. The technical man, who is 
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occupied with the manufacture of large enamelled articles, i» 
principally interested in the inherent qualities of certain enamel 
compositions ; whilst the artist or the maker of artistic objects 
chiefly looks at purity and delicacy of colour. 

Keeping the latter circumstance in view, we must there- 
fore treat the study of pigments — so far as it concerns our 
purposes — in a more exhaustive manner ; and also because, in 
the author's experience, the market for chemical preparations 
of this nature is only badly supplied, many of the so-called 
pure pigments met with in commerce belying their name, 
and being therefore incapable of furnishing pure shades of 
colour. 

While it is true that some chemical manufacturers supply 
the pigments required for enamel in a sufficiently pure con- 
dition, the prices are mostly so high that it is preferable to 
make the pigments oneself. Usually the manufacture of 
chemical preparations necessitates an accurate knowledge of 
chemistry ; but as the substances required for colouring 
enamels are most frequently used by artists and makers of 
artistic products who are seldom possessed of an extensive 
acc^uaintance with that science, the description, given in the 
following pages, of the methods of preparing the pigments in 
question, will be of such a nature as to enable those whose 
chemical knowledge is merely slight to make the substances 
they require. 

The pigments used for enamel masses are as follow : — 
For yellow : antimony oxide, potassium antimonate, 
potassium antimonite, lead antimonate, silver 
oxide, ferric oxide, uranium oxide. 
For red : ferric aluminate, sodium-gold chloride, tin- 
gold chloride, purple of Cassius. 
For orange : mixtures of pigments for yellow and red. 
For green : cupric oxide, chromic oxide, or ferrous oxide. 
For blv£ : cobaltous oxide, cobalt silicate or smalt zaffre. 
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For violet ; manganese oxide. 

For brown : ferric oxide. 

For black : ferrous oxide in large proportion. 
The above list mentions only the principal fundamental 
colours obtainable by the aid of the pigments specified. These 
colours are, however, insufficient by far for the purposes of 
painting in enamel, the artist in this branch requiring as large 
a range of colours as his other confreres of the brush in order 
to be able to obtain any desired shade. Now, the latter object 
can only be attained by employing larger or smaller propor- 
tions of the pigmentary materials, and thereby producing a 
graduated scale of shades of the pure colours ; and when it is 
desired to have mixed colours the chemical composition of the 
pigments will have to be modified in certain ways, or special 
artifices must be resorted to. 

As a more suitable opportunity of considering the latter 
eventualities will arise when the process of enamelling is under 
discussion — the matter may be left over until then, and atten- 
tion now directed to the purely chemical side of the question^ 
namely, the preparation of the various pigments, not omitting 
to mention that the use of chemically pure materials enables 
one to obtain any desired shade much more easily than when 
special attention has to be bestowed on the presence of 
impurities accompanying the true active principles in the 
pigments employed. 

Yellow Pigments. 

The sole means of producing a pure yellow in enamels is 
by the aid of antimony oxide, potassium antimonite or silver 
oxide ; for cheaper qualities, however, ferric oxide is also used, 
though, strictly speaking, the colour obtained is not yellow at 
all, but a peculiar reddish brown, such as may be seen in an 
intense form in brown wine bottles. 
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Antimony Oxide. 

This oxide may be prepared by the wet or dry method. 
In the former case, finely powdered metallic antimony is 
placed in a glass vessel (standing in a basin of water) and 
treated with nitric acid of a certain strength. The acid 
rapidly attacks the metal and converts it into a white powder, 
reddish-brown fumes being evolved. Owing to the violence 
of the reaction, the acid must be added in small quantities at a 
time or the contents of the flask will overflow, even when the 
latter is comparatively large. Towards the close, the reaction 
abates and may then be assisted by carefully heating the 
water bath in which the flask is immersed. 

To obtain a product of well-defined properties it is neces- 
sary to work precisely in accordance with the instructions now 
given. The following quantities, viz. : — 

Powdered antimony 1 part by weight. 

Nitric acid (sp. gr. 1*2) 4 parts „ „ 

Water 8 „ „ „ 

are taken, and the ensuing product (the Stibium oxydatvm 
grisum of the pharmacist) must be thoroughly washed with 
hot water and weighed ; it is, however, not quite pure, as it 
always contains small quantities of unaltered metal and basic 
antimony nitrate. Nevertheless, as the proportion of these 
impurities will always be constant, provided the above condi- 
tions are adhered to in making the preparation, it will be easy, 
by means of a few tests, to produce well-defined shades of 
yellow with this material. The washing in hot water is an 
important feature, and must be continued until the liquid 
ceases to take up any portion of the precipitate into solution. 
When metallic antimony is heated in an inclined crucible 
it quickly fuses and, when the heat is increased, takes fire, 
this effect being accelerated by blowing air into the crucible. 
The combustion is accompanied by a peculiar bluish flame and 
dense white fumes of antimony oxide are given offl These 
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condense on the cooler upper sides of the crucible — which 
therefore should not be embedded in carbon — and form 
delicate lustrous needles, which are scraped otf and removed 
from time to time. 

This oxide {Flores antimonii argente% or Nix stibii) is also 
impure and usually contains variable proportions of antimonic 
acid and antimony antimonate. To restrict the formation of 
the latter it is advisable to heat the crucible no higher than 
is necessary to cause the antimony to ignite and continue 
burning. 

A better method than the foregoing is to raise a crucible to 
strong red by embedding it in glowing charcoal, and throw 
in small quantities of the following finely powdered and 
intimately mixed ingredients: — 

Antimony 37 parts by weight. 

Saltpetre 20 

Potassium bi-sulphate . . . . . 15 „ 






When the whole has been thrown in, the crucible is kept red 
hot until the contents flow calmly, whereupon they are poured 
out on to a cold stone slab. On breaking up the solidified mass 
and extracting it with boiling water, nearly pure antimony 
oxide is left. 

The purest oxide, and that most suitable for fine enamels, 
is obtained as follows: — 

Commercial antimony sulphide is reduced to fine powder 
and boiled in a glass or porcelain vessel with hydrochloric 
acid, in which it dissolves with evolution of sulphuretted 
hydrogen. When perfectly cold the liquid is decanted from 
the insoluble residue and transferred to a large vessel contain- 
ing at least a twenty-fold quantity of water, into which the 
solution is run as a thin stream with continual stirring. The 
entire liquid immediately turns milky white, and a heavy 

• 

white powder (powder of algaroth) is precipitated. This is 
collected in a conical filter of closely woven linen and washed 
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with water, after which it is placed in a basin and suffiised 
with a solution of 1 part of soda crystals in 3 parts of water, 
the amount of this solution being such that even after pro- 
longed standing, subsequent to boiling, it still remains alkaline 
to test-paper. The contents of the basin are again placed on 
a linen filter, thoroughly washed with water, dried, and stored 
in a closed vessel. The product is chemically pure antimony 
oxide. 

Potassium Antimonite. 

This preparation, which furnishes an inferior yellow to 
that yielded by pure antimony oxide, is obtained by mixing 
commercial antimony sulphide with half its weight of salt- 
petre, and throwing the mixture in successive small quantities 
into a red-hot crucible, which is then heated for some time 
longer and set aside to cool. On breaking the crucible a white 
fused mass is found, underneath which is generally a layer of 
unaltered, fused antimony sulphide. The white mass is finely 
powdered dry, and stored ; it consists of potassium antimon- 
ite, together with a little potassium sulphate and potassium 
antimonate, and is suitable for preparing commoner grades of 
yellow. In point of beauty of colour, however, the chemically 
pure antimony oxide prepared from antimony sulphide and 
hydrochloric acid by the wet method, is superior to any other 
preparation of antimony. 

When fused with enamels, antimony preparations yield 
a specific yellow which may be toned by adding suitable 
adjuncts ; thus, an addition of red lead produces Naples 
yellow, while with ferric oxide an orange yellow is formed. 
The reaction occurring during the fusion of the enamel mass 
in presence of red lead is of the following nature : — 

At red heat, minium (red lead) gives off oxygen, and is 
reduced to the state of litharge, the liberated oxygen instantly 
oxidising the potassium antimonite and producing antimonic 
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acid, which unites with the litharge, whilst the potash com- 
bines with silica. As a matter of fact, the reaction does not 
go on so smoothly as this in practice, and considerable experi- 
ence is necessary to hit off the exact shade required, by adding 
red lead. It is therefore advisable to make use of the lead 
antimonate in a ready-made condition, which may be prepared 
by the enamel-maker, as the commercial Naples yellow is 
expensive to buy. 

Lead Antimonate {Naples Yellotv). 

The simplest method of preparing this pigment is by 
intimately mixing 1 part of chemically pure tartar emetic 
with 2 parts of lead nitrate and 4 parts of common salt 
(sodium chloride), and fusing the mixture in a Hessian crucible 
at a moderate red heat. This done, the contents of the crucible 
are poured into a deep vessel of water, the crucible itself being 
also dropped in when cold ; common salt passes into solution 
and lead antimonate is left behind as a yellow powder. The 
object of adding the sodium chloride is to prevent the tempera- 
ture rising beyond a certain limit (the point of volatility of 
this substance) during the operation of fusion. 

The smelting of the mixture requires, however, a certain 
amount of care to maintain the most favourable temperature. 
Thus, if the mass is heated just to fusing point, the resulting 
pigment will yield an orange shade; while the more it is 
heated the nearer will the colour approach lemon or sulphur 
yellow, and the mass when poured into water will be hard, 
requiring to be broken up and extracted with hot water. 

A very handsome Naples yellow can also be prepared by 
fusing 2 parts of tartar emetic with 8 parts of common salt 
and 4 parts of lead nitrate. The fused mass is treated in 
the cold with dilute hydrochloric acid which dissolves out the 
excess of lead oxide and leaves a deep coloured pigment. 



; 
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Silver Oxide . 



An unusually handsome but expensive yellow for enamels 
can be obtained by the use of silver oxide. Here, however, a 
chemically pure oxide is essential, and such may be prepared 
in the following manner : — 

Commercial silver is dissolved in nitric acid, the solution 
being blue from the copper accompanying the silver. Hydro- 
chloric acid is then added so long as the caseous precipitate of 
silver chloride continues to form. This is filtered oflF and 
washed with water until the washings no longer turn blue 
on the addition of ammonia. When this is the case the pre- 
cipitate on the filter consists entirely of chemically pure silver 
chloride, which, when dried, is ready for use. This prepara- 
tion is, however, more difficult to work with than silver oxide, 
and it is therefore advisable to convert the chloride into 
oxide, by placing the undried salt in a large glass vessel along 
with strips of zinc, and water strongly acidified with hydro- ' 
chloric acid. In a very short time the white silver chloride 
begins to turn black and is reduced to the metallic state, 
as a greyish-black powder in an extremely fine state of 
division. 

When the reaction is terminated the silver is collected 
on a filter, thoroughly washed with water, and dissolved in 
nitric acid, from which solution it is thrown down again, by 
caustic potash, as hydrated silver oxide, which is then collected 
and dried. An enamel containing silver oxide, exhibits, after 
fusion, a superficial coating of metallic silver, resulting from 
the reduction of the oxide ; but when this is scraped off with 
a sharp tool a beautiful and intense yellow is disclosed. The 
colour can also be produced by mixing dry silver chloride 
with the enamel, but in this case the attainment of the exact 
shade is more difficult than when the oxide is used. 



^ 
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Ferric Oxide. 

In concluding the description of the yellow-producing 
pigments, mention should be made of ferric oxide. This 
substance, when used by itself, furnishes the well-known 
yellowish red-brown colour to be seen in brown wine bottles, 
but when mixed with other pigments produces a correspond- 
ing modification of tone. When added in large proportion it 
turns enamels quite black. 

Owing to its low price, ferric oxide is largely employed 
as a pigment for enamels, and is generally used in the form 
of commercial colcothar {Caput mortuum), which, however, is 
never quite pure, and consequently does not furnish bright 
colours. 

To obtain a perfectly pure oxide, suitable for producing 
shades ranging from pale yellow to bottle brown, the following 
method may be pursued : — 

Iron, of a very pure kind (e.g., shoe nails), is treated with 
dilute sulphuric acid in which it dissolves, with evolution of 
hydrogen. The solution is filtered, and, after being heated to 
boiling, is treated with potassium oxalate solution, so long as 
a precipitate continues to form. This is collected on a filter, 
lightly washed and dried. The greenish powder (ferrous 
oxalate) thus obtained is gently heated in a porcelain basin 
until it begins to glow and gradually change into a black 
powder which becomes a beautiful red when cooled. 

The chemically pure ferric oxide thus obtained constitutes 
an excellent pigment for enamels, and is specially valuable on 
account of its fire-resisting properties. It yields uncommonly 
well, so that a very small cjuantity is sufficent to impart a 
decided yellow colour to a large amount of enamel. It is to 
the presence of small quantities of ferric oxide, as an impurity 
in the raw materials, that the yellow shade exhibited by 
certain common (jualities of enamel is due. 
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Instead of dissolving iron in sulphuric acid, as above, a 
solution of green vitriol (ferrous sulphate), previously boiled 
with a little nitric acid, may be used. This is treated with 
ammonia so long as a precipitate continues to come down. 
When washed and dried this precipitated ferric hydrate may 
be used just as well as the pure ferric oxide. Of course, if a 
pure hydrate is to be obtained the ferrous sulphate taken 
must also be pure, whereas the commercial salt very often 
contains copper sulphate, the presence of which will spoil the 
colour of the enamel. By reason of its very bulky nature 
ferric hydrate is exceedingly troublesome to wash, for which 
reason it is better to prepare the ferric oxide from the oxalate, 
in the manner described above. 

Uranium Oxide. 

Uranium is a metal allied to iron, and is found as pitch 
blende and uranite, as well as in other rare minerals, from the 
first named of which it is generally prepared. The production 
of uranium oxide on a small scale is attended with so much 
complication that no enamel-maker should attempt to prepare 
it ; besides it can now be obtained in commerce, in a pure 
state and at comparatively low price, its productivity being so 
great that 1 part is sufficient to colour 200 parts of glass a 
deep yellow. 

The colour imparted by uranium oxide to glass is highly 
characteristic, being dichroic : a beautiful wine yellow by trans- 
mitted light, and a handsome canary green by reflected light. 

The only method of producing this colour on enamel is to 
provide a fundamental layer of very refractory white enamel, 
and cover this with a fused layer of potash crystal glass 
coloured with uranium oxide. Even in this case, however, 
but little of the dichroic appearance is generally perceptible 
— the glass exhibiting only a more or less intense yellow 
coloration. 
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Red Pigments. 

Gold Oxide, 

This oxide is the sole oxide known which is capable of 
<;olouring glass red when employed by itself, and this yields a 
purple red which will be dealt with later on. Owing to its costly 
nature the use of this pigment is of course confined to the 
finest enamels, the ordinary red, in all its various shades, being 
produced by means of a special preparation — ferric aluminate. 

Ferric Aluminate. 

This product is now so largely used in the enamel industry 
as to be manufactured on an extensive scale, so that crucibles 
have to be discarded, and use made of special furnaces or ovens 
for fusing the mass. 

The ordinary method of preparation consists in mixing 
20 to 25 parts of green vitriol (ferrous sulphate) with 10 parts 
of aluminium sulphate (the commercial " sulphate of alumina,'' 
met with in the form of greyish- white quadratic blocks and 
largely used by dyers). The mixture is at first gently heated 
in flat iron pans to expel the water of crystallisation, the 
completion of which task is evidenced by the change of colour 
from the original green to a white or yellowish shade. 

The hot mixture is then shovelled out of the pans on to 
the floor of an oven, where it is heated until of a uniform red 
colour. The attainment of the proper temperature, however, 
entails the exercise of some skill ; since if heated too strongly 
a part of the ferric oxide is reduced to the ferrous state, and 
the enamel in which the preparation is used will be coloured 
black or green in place of red. To get the proper result, the 
mass in the ovens must be frequently raked over and stirred 
up, a sample being drawn from time to time and examined 
for colour after having been cooled down rapidly. So long 
as the sample is hot it appears quite black, but turns red on 
cooling. Special precautions — which will be referred to 
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later — must also be taken in fusing the enamel masses 
coloured with this preparation. 

By changing the proportions of ferrous sulphate and 
aluminium compounds in the mixture different shades of red 
can be produced. For instance, 10 parts of ferrous sulphate 
and 30 parts of alum, mixed and treated as above, will 
furnish a product imparting a handsome flesh tint to enameL 

The wealth of colour afforded by the ferric oxide prepara- 
tions, combined with their cheapness, places them among the 
most valuable and most extensively employed pigments now 
used in the enamel industry. 

Gold Preparations. 

The preparations of gold serving for the production of 
purple red shades in enamels and glass masses yield the finest 
colours known, though at the same time the manufacture of 
the pigments (or rather their incorporation with the enamel 
mass) is the most difficult of all the tasks we have to deal 
with in this connection. Formerly, purple of Cassius waa 
the sole means employed for the preparation of gold reds, but 
of late its place is frequently taken by pure gold chloride in 
combination with sodium chloride. 

Sodium-Gold Chloride. 

This product — formerly also used in medicine under the 
name of gold salt, Sal auri Figuieri, or Atcrtim muriaticum natro- 
hatum crystallisattim — is prepared in the following manner-. 
Gold, preferably in the form of gold ducats, which are made 
of very pure metal, is placed in a glass beaker standing in a 
basin of water, and covered with freshly prepared nitro- 
hydrochloric acid — aqiia regia — composed of 1 part of nitric 
acid and 4 parts of hydrochloric acid, the reaction being 
assisted by the application of heat to the water bath. 

When ducats have been employed no residue is left, the 
gold entirely dissolving ; but if silver be present, an insoluble 
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sediment of silver chloride remains behind. The solution is 
poured off with care, and is evaporated to dryness in a 
porcelain basin at a gentle heat. 

Pure sodium chloride, in quantity equal to one-fourth the 
original weight of gold taken, is added to the dry residue 
and the whole is then dissolved in water and re-evaporated to 
complete dryness. 

Tin-Gold Chloride, 

Nowadays the use of purple of Cassius for producing red 
on enamel is superseded by a compound chloride of tin and 
gold. This is prepared in exactly the same manner as the 
double salt of gold and sodium just described, except that 
after the gold chloride solution has been evaporated to 
dryness it is re-dissolved in water and mixed with a solution 
of tin chloride. A precipitate of tin-gold chloride is thrown 
down, which, after being collected on a filter and washed 
with pure water, is dried by gentle heat. 

Purple of Cassius, 

The substance known under this title is difficult to prepare, 
and its properties and colour difler according to the method 
of preparation adopted, a true gold purple of Cassius being 
formed only when a solution of gold chloride is brought into 
contact with a liquid containing both stannous chloride and 
stannic chloride. 

Out of the numerous existing recipes for obtaining this 
preparation the following are known to be reliable : — 

Light Purple, 

According to Wachter a light shade of gold purple can be 
obtained by the use of the solution of stannic chloride prepared 
by dissolving 5 grams of pure tin in boiling aqua regia, 
evaporating this solution to dryness on the water bath, and 
re-dissolving the mass in distilled water. On the other hand, a 
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solution of stannous chloride is prepared by dissolving tin in 
hydrochloric acid, the metal being in excess. This solution is 
concentrated to a density of 1"7, and 2 grams are then added 
to the stannic chloride solution, the whole being diluted with 
10 litres of water. 

To this liquid is added a solution of gold chloride (prepared 
by dissolving 0*5 gram of gold in aqua regia, evaporating to 
dryness and re-dissolving in water), the whole being stirred 
thoroughly and treated finally with 50 grams of ammonia. 
The greater part of the liquid is decanted from the resulting 
precipitate, and the latter is then collected on a filter, washed 
quickly, mixed with 20 grams of lead flux whilst still moist, 
and finally dried. 

This lead flux is compounded of a mixture of 2 parts of 
red lead, 1 part of quartz and 1 part of calcined borax. 

The resulting preparation is amethyst in colour but may 
be converted into true purple by adding to it, when dry, 3 
grams of dry silver carbonate — prepared by treating a solution 
of silver nitrate {lajjis infernalis) with sodium carbonate so 
long as a precipitate continues to form; then washing the 
latter and drying it. 

Dark Purple, 

To prepare a dark purple, a solution of 0*5 gram of gold 
is diluted with 10 litres of water and mixed, by continuous 
stirring, with 7 '5 grams of stannous chloride solution (sp. gr. 
1*7) and a few drops of sulphuric acid. The moist precipitate 
is mixed with 10 grams of lead flux and 0*5 gram of silver 
carbonate. 

Rose Ptcrple. 

Rose purple is obtained by dissolving 1 gram of gold in 
aqua regia, and mixing this solution with a solution of 50 
grams of alum in 20 litres of water, and 15 grams of stannous 
chloride (sp. gr. 1*7), ammonia being then added so long as 
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a precipitate continues to form. The precipitate is washed, 
mixed with 70 grams of lead flux and 2*7 grams of silver 
carbonate, and dried. 

There are many other recipes for preparing gold purple, 
but in all of them the rule applies that, to obtain a good 
colour, the solutions employed must be very dilute. It should 
also be observed that the colour of the preparations themselves 
is no criterion of that imparted by them to enamel, an ugly 
brown-red purple often producing the most beautiful shade, 
whilst a bright-looking preparation may yield shades the 
reverse of handsome. 

The quantity of gold purple, or other gold preparations, 
required to produce intense coloration of the eng-mel, is very 
small, gold being characterised by a specially high pigmentary 
power. 

Owing, however, to the trouble involved in its preparation 
and the irregularity of the results obtained, gold purple is 
going out of use as a pigment for glass, porcelain and 
enamels, and is being supplanted by tin-gold chloride, or by 
the double chloride of gold and sodium. 

Cuprous Oxide. 

A purple red, equal in beauty to that obtained from gold 
compounds, is produced in glass by cuprous oxide. Unfortu- 
nately, however, this substance cannot be used for enamels, 
owing to the readiness with which it is converted into cupric 
oxide during the repeated meltings necessary in the case of 
these preparations. As cupric oxide produces a bluish-green 
colour in glass the results are, therefore, liable to be erroneous. 

Orange Pigments, 

No single preparation capable of producing an orange 
shade in enamel is known ; but, as this colour is a mixture of 
red and yellow, it can be prepared by mixing red-forming 
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and yellow-forming pigments together in suitable proportions. 
Success is, however, certain only when a preparation of 
antimony is used along with the red iron pigment (ferric 
aluminate) ; gold compounds are unsuitable, being too readily 
converted into metallic gold. 

The resulting shade of orange obtained varies from orange 
yellow, when the antimony preparation preponderates, to a 
redder tinge when the conditions are reversed. 

Green Pigments. 

Green enamel may be prepared in various ways : by in- 
corporating certain metallic oxides with the enamel mass, or 
by adding to the latter a mixture of pigments producing blue 
and yellow colours respectively. As, however, in this latter 
method the resulting shade of colour is less under control, 
besides being more troublesome, the direct process is generally 
adopted. 

The oxides capable of colouring enamels green, are, ferrous 
oxide, cupric oxide and chromic oxide. Each of these develops 
its own particular shade of green, ferrous oxide yielding " bottle 
green" (the colour of common green glass), whilst copper and 
chromium furnish emerald shades of ditferent kinds — readily 
distinguishable by comparing glasses tinted with these oxides. 

Ferrous Oxide, 

Owing to the inferior green developed by ferrous oxide, 
and the difficulties encountered in producing the colour, this 
substance is seldom used for colouring enamels. The author 
has, however, found that a very handsome shade is obtained 
provided the ferrous oxide be used in a perfectly pure state, 
the depreciation of the colour being occasioned by the presence 
of other metals, more especially manganese and copper, as well 
as by ferric oxide. 

Ferrous oxide cannot be used as such, because when pre- 
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^pitated from combination it is converted, on exposure to air, 
into ferric oxide, which gives a brownish yellow. Consequently 
the only way to employ ferrous oxide is in the condition of a 
ferrous salt, taking care at the same time that the enamel 
mass is free from any easily reduced metallic oxide {e.g., lead 
oxide). The mass can only be used as a transparent coating 
or ** cover ". 

The best form of ferrous salt is pure ferrous sulphate, 
which can be most suitably prepared in the following manner : 
Iron is dissolved in dilute sulphuric acid, the metal being 
kept in excess, and the reactions assisted finally by gentle 
heat. The hot solution is filtered into a vessel containing 
an equal bulk of very strong alcohol, which is kept stirred 
during the operation in order to prevent the formation of 
large crystals. After leaving at rest, covered up, for twelve 
hours, the fine crystalline deposit of pure ferrous sulphate is 
dried quickly by pressing between layers of filter paper, and 
is then stored in properly closed vessels. It is added to the 
enamel, in a dehydrated condition. 

This pure sulphate will yield an agreeable green, and one 

that is particularly suitable for use in imitations of old works 

in enamel. 

Cupric Oxide. 

Cupric oxide may be obtained by the direct method of heat- 
ing fine filings of the metal to redness in a flat basin until they 
have become black, the metal having absorbed oxygen from 
the air and changed into cupric oxide. The complete con- 
version of the metal in this manner is nevertheless a lengthy 
operation ; the product thus obtained, however, may be used 
to advantage as a green colouring matter for ordinary enamels. 

Special beauty of tone is furnished by a product obtained 
from chemically pure copper by the very simple method of 
preparation described below, which may be universally re- 
•commended. 
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To produce chemically pure copper, a number of pure zine 
strips are placed in a large glass flask holding several litres, 
and over them is quickly poured a filtered solution of cupric 
sulphate (blue vitriol) up to about two-thirds the capacity of 
the flask, which is then closed and strongly agitated for 
some considerable time. On strongly heating the contents 
of the flask, a deposit of pure copper in the state of very fine 
powder is obtained, and the agitation of the vessel is continued 
until the liquid has become colourless. The latter is then 
filtered ofl* and the copper washed with hot water, dried and 
calcined, whereby it is quickly converted into cupric oxide. 

To ensure an extremely fine state of division the washed 
copper may be dissolved in nitric acid and re- precipitated 
as black oxide, by adding caustic potash to the boiling-hot 
solution. 

The enamel colours yielded by cupric oxide may be toned 
by suitable additions of ferric oxide. 

Chromic Oxide. 

Chromic oxide green is often developed in enamels by the 
indirect method, wherein a certain proportion of potassium- 
bichromate (acid- or red chromate of potash) is added to the 
enamel mass, together with some deoxidising substance which 
reduces the chromic acid to chromic oxide, whilst the potash 
enters into combination with the vitreous enamel mass. 

This method is used where no strictly defined shade of 
chrome green is required. Where, however, greater precision 
is exacted better results are obtainable from pure chromic 
oxide prepared in various ways, the handsomest colours being, 
however, obtained when the following method is pursued : — 

Two parts of finely powdered potassium bichromate are 
mixed with 1 part of powdered sulphur, the mixture being 
then placed in a Hessian crucible — which it should only half 
fill — covered with a loose lid, and kept at a gentle red heat 
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BO long as the flame of the burning sulphur continues to 
appear. When cold, the contents of the crucible form a 
brittle, porous mass, which is finely pulverised in an iron 
mortar and then extracted repeatedly with water, containing 
a little hydrochloric acid to remove any iron present and 
which would spoil the colour. The residue of pure chromic 
oxide is finally dried by the application of heat. 

A very handsome but expensive chromic oxide, particu- 
larly well adapted for colouring enamels, is obtained by 
heating mercurous chromate, air being excluded. To this 
end mercury is dissolved in an excess of nitric acid, the 
solution mixed with potassium bichromate, and the precipi- 
tate dried and heated to redness in a porcelain crucible. I'The 
product is dried after repeated washings, and forms a very 
handsome green chromic oxide. 

Blue Pigments. 

Cobalt is the sole blue-producing pigment at present em- 
ployed in the enamel industry, no other being able to equal 
it in beauty of colour and productiveness. It may be used in 
various forms: as protoxide (chromous oxide), chloride, etc., 
as well as in the condition of a silicate, the so-called ** smalt ". 
Now the commercial varieties of smalt, though the finer 
amongst them are of handsome colour, are not good enough 
in this respect for use in the best enamels, and it is therefore 
desirable to obtain cobalt preparations that are free from 
impurities calculated to impair the colour. In this respect 
cobaltous silicate is superior to all other preparations, and 
should be made by every manufacturer of coloured enamels — 
the colour obtained surpassing all others in beauty. A reliable 
recipe for the production of this compound is given below. 

Cobaltaus Silicate. 

This salt may be prepared from the cobalt ores : cobalt 
glance, smaltine, etc., by reducing them to a coarse powder 
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and roasting them with unrestricted access of air, which 
volatilises — as white arsenic (arsenious acid) — the greater 
part of the arsenic usually present. 

The residue, stirred up to a thick pap with concentrated 
sulphuric acid, is then heated to bright redness in a furnace 
and extracted with water. The cobaltous sulphate resulting 
from the sulphuric acid treatment has the power of with- 
standing the action of very high temperatures, which decom- 
pose the salts proceeding from the other oxides in the air, 
and convert them for the most part into oxides or insoluble 
basic salts. 

During the extraction of the calcined mass, only a small 
<iuantity of ferrous sulphate passes into solution along with 
the cobaltous sulphate. The former may be removed by the 
addition of small doses of sodium carbonate solution, which 
throws down ferric oxide as a brown precipitate, the end point 
of this reaction being easily detected after a little practice, 
since the cobaltous carbonate beginning to come down can be 
immediately recognised by its pale blue colour. 

The cobalt solution thus freed from iron is filtered from 
the ferric hydrate precipitate, and is then treated with 
sodium silicate (water glass) to throw down cobaltous silicate. 
This pale blue precipitate is washed, dried and fused, in 
which state it forms a dark pure blue mass particularly well 
.adapted for colouring enamels. A very small quantity of 
this silicate, when reduced to powder by quenching and grind- 
ing, is sufficient to impart a beautiful blue to the enamel 
mass. 

Apparently the quality of the enamel mass exerts con- 
siderable influence on the intensity of the colour produced by 
this preparation ; and it is therefbre necessary to ascertain 
from time to time, by fusion tests, the exact amount of cobal- 
tous silicate required for the development of any given shade. 
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Cobaltous Zinc Phosphate, 

This preparation is used for producing very fine and 
pure -toned cobalt colours. The simplest way to make this 
double salt of cobalt and zinc is by treating a solution of 
sodium phosphate with zinc sulphate solution followed by 
cobaltous sulphate — the addition of the latter being con- 
tinued until the colour of the precipitate has changed from 
its originally greenish tinge to dark blue. 

This particularly handsome blue is generally applied in a 
tiux composed of 2 parts of sand and lead oxide, and 42 parts 
of the double phosphate, to which 3 parts of pure cobaltous 
oxide have been added. 

By suitably varying the proportion of the cobalt com- 
pounds employed, all gradations of tone from pale blue to the 
very deepest shades can be produced. 

No matter what cobalt compounds are used, care must be 
taken that the cobaltous oxide is as far as possible free from 
certain oxides capable of impairing the purity of the colour. 
Among these, ferrous oxide, nickelous oxide and manganese 
dioxide are the most injurious ; the oxides of the other metals, 
although acting in a similar manner, being less powerful than 
these three. 

An admixture of nickel, which is always present in cobalt 
ores, imparts a. violet tinge so long as the enamel is hot, but 
the shade turns to brown in cooling and finally gives a 
reddish cast to the blue when cold. 

A minute trace of ferrous oxide suffices to produce a 
greenish tinge, whilst a similar but less decided eflect results 
from the presence of ferric oxide. Consequently, when iron 
cannot be totally eliminated, it should be converted into the 
ferric condition by means of oxidising agents, an addition of 
arsenious acid, saltpetre — or, in short, any substance capable of 
parting with oxygen at a red heat — being made to the enamel 
for this purpose. 
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Manganese dioxide imparts a violet shade to cobalt blue, 

whereas the protoxide has no injurious influence on the colour. 

If manganous oxide and ferrous oxide be both present they 

neutralise each other, so far as their effect on the colour is 

concerned. 

Smalt. 

Of all the cobalt compounds employed in colouring glass 
or enamel masses, none is so widespread as that manu- 
factured in Saxony and sold under the name of smalt. 

Chemically considered, smalt is a glass coloured an intense 
blue by means of cobalt, and most nearly resembling cobaltous 
silicate in composition and pigmentary cjualities. 

The manufacture of smalt need not be gone into in the 
present work, as enamel-makers will purchase their supplies 
and not attempt to prepare the article themselves. We will 
therefore merely give a general outline of the process. 

The cobalt ore is roasted in such a manner that scarcely 
anything but cobaltous oxide is produced. The other metals 
are not oxidised but separate, mainly as arsenides, in the 
subsequent process of smelting, and constitute an important 
source of nickel. 

The roasted ore is then fused with potash and silica, 
a cobaltous-oxide-potash glass being formed. This glass, 
on being poured into cold water, solidifies as a brittle mass, 
which is then stamped to fine powder and subjected to a very 
tedious process of washing by sedimentation, whereby the 
powder is separated into various degrees of fineness, a con- 
dition which exercises some influence on the intensity of 
colour. It is an essential condition, especially when fine 
enamels are in question, that none but the finest grades of 
smalt should be used ; and by adhering to this rule an unim- 
peachable product can be obtained by the employment of 
this material in all cases where the attainment of the very 
highest degree of beauty of colour is not in question. 
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Cobalto^is oxide is more productive than almost any other 
pigmentary oxide, and hence only a very small quantity of 
smalt is required to produce a very dark shade of blue. It is 
on account of this circumstance and the attendant relative 
cheapness of the pigment that cobaltous oxide is used for 
very common enamels, such, for example, as the dark blue 
kind now employed for enamelling the outside of cooking 
utensils. 

Zaffre, 

This substance, also erroneously termed '' safflower," consists 
of finely powdered, roasted cobalt ore, and, being contaminated 
with all the other oxides usually accompanying cobaltous 
oxide, is therefore unsuitable for the production of really 
fine blues. Moreover, since the proportion of cobaltous oxide 
is by no means constant, fusion tests are invariably necessary 
to ascertain what the action of this preparation will be when 
added to enamel. 

With reference to cobalt preparations, it should also be 
mentioned that they are not infrequentl}^ employed to 
counteract the slight yellowness produced in enamels by the 
presence of traces of ferric oxide, the blue furnished by cobalt 
being complementary to this yellow, so that the mixture of 
the two comes out perfectly white. 

To correct the yellow shade due to iron, a small quantity — 
ascertained by two or three fusion tests — of some cobalt 
preparation is added, the result being the formation of a pure 
white enamel. If, however, the cobalt is in excess, the blue 
shade due to the latter will predominate, and the enamel will 
present a bluish-, i.e., milk-white, appearance. 

By the addition of pigments yielding green or yellow 
shades to preparations of cobalt every imaginable gradation 
between these colours and blue can be obtained. On account 
of its ability to withstand firing, and of its purity and colour, 
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cobaltous oxide is one of the most valuable pigments available 
for the purposes of the enamel industry. 

Violet Pigments. 

Only one single metallic oxide is known to be capable of 
producing violet ; but this is one of such common occurrence 
in nature as to be available for the manufacture of cheap 
enamels .The substance in question is: — 

Manganese Dioxide. 

It is found native in many places, in the form of pyrolusite, 
and is won by mining, being in large demand for many 
industrial purposes (chlorine manufacture, cloth printing, 
dyeing, glass-making, the iron industry, etc.). The natural 
oxide (commercially termed " manganese ") frequently contains 
a very high proportion of extraneous substances — ferric oxide 
in particular — and for this reason cannot be used in an un- 
prepared state for the production of pure shades of colour. 

When this latter condition is essential, as it is in the case 
of enamels, chemically pure manganese dioxide must be used. 
To obtain this compound use may be made of the solution of 
manganese perchloride obtained as a by-product in the manu- 
facture of chlorine gas, the liquor being boiled in a glass or 
porcelain vessel so long as chlorine gas continues to come off. 
This done, the solution contains only manganous chloride. 

A clear solution of calcium hypochlorite (bleaching powder) 
is then added until the deep brown precipitate of pure manganic 
hydrate ceases to form , which hydrate, when dried at a gentle 
heat, may be used direct as a pigment. 

For ordinary purposes the finely powdered native oxide, 
which is a very powerful pigment, may be used, and, provided 
it be employed in merely small quantities, will produce very 
handsome shades of violet, the actual amount of iron present 
being then so minute that it cannot affect the colour. 

Whichever material is taken, care is necessary, in fusing 
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the enamel, to see that no reducing agents — such as particles 
of carbon, organic matter, etc. — are present either in the 
enamel mass or introduced therein from the fire ; since other- 
wise the manganese dioxide, which readily parts with a 
portion of its oxygen, will be reduced to the non-pigmentary 
*'red" oxide (MugO^, manganese proto-peroxide), and the 
enamel will become either colourless or assume a tone other 
than the one desired. It is by reason of this susceptibility to 
reduction that manganese dioxide owes its popularity as a 
decolorising agent in the manufacture of glass and enamels, 
a property which will be more fully discussed later on. 

Being a very powerful pigment and extremely cheap, 
manganese dioxide is also used in preparing black glass and 
enamel, the addition of a somewhat larger proportion of the 
oxide than usual colouring the mass so strongly that it is only 
in very thin layers that the violet shade can be detected, 
thicker layers showing up quite black. 

Brown Pigments. 

In the true sense of the word, brown cannot be regarded 
as a colour, being usually a violet toned down by means of 
black ; and, strictly speaking, there is no pigment known 
capable of imparting a brown shade to enamel, the nearest 
approach to a true brown being furnished by ferric oxide. 

This shade is the well-known '' bottle brown " already 
referred to, which may be regarded as a mixture of yellow, red 
and black, and is really a somewhat ugly gradation of orange. 

A much better brown can be produced by mixing ferric 
oxide with a proportion of clay, or, as is done in some enamel 
works, making use of a clay ironstone. In the latter event, 
the production of a uniform shade of brown is evidently a 
matter of some difficulty — the only way to attain the end in 
view being to experiment with various mixtures until the 
desired result is produced. 
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When a preponderating quantity of ferric oxide is used, 
the fused enamels will exhibit a decidedly reddish tinge (flea 
brown); the addition of a yellow pigment will produce a 
yellowish brown, and so on. 

Black Pigments. 

Although no direct black pigment for enamel is known, 
black enamels are easily prepared by employing some powerful 
metallic oxide, such as ferric oxide, cupric oxide, cobalt oxide, 
or manganese dioxide, in larger proportion than usual. 

Each of the aforesaid oxides produces a characteristic 
colour, but when the amount taken is considerable the 
coloration becomes so intense as to appear black. Never- 
theless a comparison between two such black shades produced 
by, say ferric oxide and manganese dioxide respectively, will 
show decided differences in tone. However, to obtain an 
absolutely pure velvet black all that is necessary is to mix 
the said oxides together and fuse them with the enamel, the 
various individual shades being thereby neutralised and con- 
jointly furnishing a pure black. 

It is evident that in the case of enamel masses intended 
to be coloured in dark shades or black no particular care need 
be taken over the purification of the raw materials, the yellow 
tinge due to impurities being completely masked by the 
darker colour. • 

On the other hand, the contrary is the case when enamels 
are to be obtained pure white or in delicate shades ; and in 
such event special artifices and adjuncts must be resorted to in 
order to attain a maximum degree of colourlessness in the 
mass, since it is only under these conditions that the full 
beauty of the superimposed colour can be brought out. 
Consequently, every enamel mass intended for artistic purposes 
must be subjected to a process of decoloration. 



VII. 



DECOLORISING AGENTS. 

The substances at the disposal of the enamel-maker for the 
purpose of decolorising the enamel mass are solely such as are 
<}apable of yielding up oxygen when exposed to high tempera- 
tures — usually red heat. The oxygen thus liberated within 
the body of the mass then exerts a powerful oxidising action 
on certain components, which would otherwise produce colour, 
and either converts them entirely into volatile products 
(carbon and organic matter being changed into carbon di- 
oxide) or modifies them into a higher stage of oxidation 
whereby their pigmentary influence is diminished (e.//., 
ferrous oxide to ferric oxide). The substances usually 
employed for this purpose are saltpetre, minium (red lead) 
and manganese dioxide. 

Saltpetre (potassium nitrate) gives off oxygen at a low 
heat and is converted into potassium nitrite, which is de- 
composed by the silica in the enamel mass and forms potassium 
silicate, a substance then forming part of the matrix of the 
enamel. Sodium nitrate (Chili saltpetre) may be used in 
place of the potassium salt, but has an undesirable tendency 
to absorb water from the air, and therefore rec^uires to be 
dried immediately before use. 

Minium, as has already been mentioned, parts with oxygen 
at a red heat, and is reduced to lead oxide (litharge), which 
combines with the glass mass. Consequently, if plumbiferous 
enamel is to be prepared, minium may be selected with 
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advantage as a decolorising agent. It must, however, be 
remarked that many colours cannot be developed in plumbi-^ 
feroub enamels ; and hence when such colours are in question 
minium must not be employed. 

Manganese dioxide, as already seen, itself acts as a very 
powerful pigment towards glass and enamel, provided no- 
reducing agents (carbon or ferrous oxide) are present, as these 
destroy its colouring power by degrading it to a lower stage 
of oxidation. Hence by adding to an enamel containing the 
above bodies a sufficient amount of manganese dioxide ta 
convert them into carbon dioxide and ferric oxide respectively, 
the enamel can be decolorised, or its colour reduced to a faint 
yellowish tinge. 

The greatest care is, however, necessary in the selection of 
the manganese dioxide for this purpose, since many of the 
commercial (qualities contain as much as 30 and even 40 per 
cent, of ferric oxide, and their use would result in the enamel 
being turned brownish-yellow instead of decolorised. It is 
essential therefore to take only the highest grades of com-^ 
mercial manganese dioxide, i.e., such as are at least 90 to 95 
per cent, pure ; or better still the chemically pure oxide, since 
the amount required is so small that price is a matter of no 
importance. 

No definite figures can be given as to the cjuantity of 
decolorising materials to be used, as this depends of course on 
how much of the substance (or substances) to be oxidised is 
present. The best, and, to the practical man, most convenient^ 
means of ascertaining the amount required in each case is by 
fusion tests or trial smeltings, small samples of the enamel 
mass being fused and then compared with other samples of 
the same, fused with known quantities of a decolorising agent. 
In this way the object in view — the perfect decoloration of the 
enamel — will be rapidly and assuredly attained. 
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Fusion Tests. 



For this and other laboratory purposes use is made of 
the small furnace shown in Fig. 2. This consists of an 
cylinder, C, lined with tireclay and serving to contain a 
large size Hessian crucible, T, in which is mounted on a 
wrought-iroii tripod a small crucible, S, half full of magnesia, 
wherein is embedded the small porcelain or platinum crucible, 




P, serving for the reception of the matei'ial to be fused. 
The crucible, P, can be easily inserted and removed by 
means of a handle, H, of platinum wire. A conical cover, A, 
connected with a sheet-iron stovepipe, several yards long, 
serves to close the apparatus. Lump charcoal in pieces the 
iriise of a nut is placed in the crucible, T, through an aperture, 
B, which can be closed by a suitable cover. Twelve holes, o. 
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are bored through T, around the bottom. The pipe, By supplies 

compressed air which before being discharged into the smelting 

fire is heated by passing through a coiled pipe in the same. 

The temperature obtainable by the combustion of charcoal 

in the hot air blast is so high that the most refractory enamels 

can be fused in quantities of 100 grams (3J oz.) and over, 

within a few minutes. Hence several tests can be performed 

within the hour and therefore a comparatively short time 

suffices to reveal the behaviour of a new mixture under 

fusion. 

RossLER's Gas Furnace. 

Wherever gas is laid on in the works, the enamel -maker 
can advantageously employ a gas furnace for making fusion 
tests. Such a furnace is represented in section in Fig. 3. 
The high, but narrow crucible. A, has a perforated bottom, the 
aperture being closed by a ball of porcelain. This crucible 
is mounted on a suitable fire-brick block and is covered by a 
thin bell-shaped fireclay vessel, c, which, in turn, is surrounded 
by a thick fireclay cylinder, d. The lower part of the furnace 
is formed by an annular block of firebrick, 5, containing sundry 
small apertures on its inner side. Gas is supplied through a 
wide pipe a, to b, where it escapes through the aforesaid small 
aperf.ures, and, mixing with air, is ignited. The burning gas 
ascends round the crucible. A, makes its way out of the top 
of the bell-shaped vessel at c, and descends between the latter 
vessel and the outer cylinder to the flue, e, in which a strong 
draught is induced by means of a Bunsen burner, /. 

As soon as the contents of the crucible, A, have melted, the 
porcelain ball floats on the surface and the molten mass falls 
down into a basin, g^ filled with water. The lid, d, being re- 
moved, A can be re-charged, and in this manner several 
pounds of enamel can be fused in a very short time. Either 
of the furnaces just described can be warmly recommended 
for experimental purposes or for preparing very handsome 
coloured enamels for artistic work. 
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altpefcre or minium atforda the simplest means of de- 
ieing enamel masses, because neither of these substances 
uces any colour if used in exeess, whereas manganese 
ide stains the enamel violet. The following considerations 
-, however, be borne in mind, namely : an excess of salt- 
; makes the enamel more refractory, owing to the 
ation of potassium silicate, whereas minium increases the 




ility of the mass, though diminishing its power of resisting 
icals and precluding the employment of certain pigments, 
ince, however, the amount of saltpetre required to produce 
oration is usually so small that the refractory property 
e resulting potassium silicate^Ubbe reganled as practi- 
negligible, it is generally ,^^^^Kile to employ saltpetre 
lis purpose. ^^.T^-' 



VIII. 
TESTING THE EAW MATEEIALS AND ENAMEL MASS. 

It is important that every maker of enamels should test not 
only the raw materials used, but also the behaviour of the 
enamel mass when fused, this being the sole means whereby 
he is enabled to form an accurate opinion of the value of such 
materials and of the correctness of his formulae. 

While a complete chemical analysis offers the surest means 
of obtaining the desired information, there are also simple 
methods available which enable the same to be gained, with 
a sufficient degree of accuracy for practical purposes, so far as 
the properties and mutual behaviour of the materials are con- 
cerned, and it is with these that we shall now proceed succinctly 
to deal. 

The method always pursued is that of blowpipe analysis, 
the substances under examination being heated before the 
blowpipe flame, either by themselves or in admixture with 
other substances. The apparatus used for the performance 
of these tests is extremely simple, consisting of a spirit lamp, 
an ordinary metal-worker's blowpipe, a piece of platinum wire 
about four inches long, a strip of platinum foil of the same 
length, and a few sherds of white porcelain. 

The blowpipe, in its most convenient form (Fig. 4) con- 
sists of a slightly taper tube inserted in a cylindrical piece 
from the side of which projects a second tapering tube, w, 
carrying a platinum cap or nozzle P which terminates in a 
narrow jet. 

Before passing to the actual testing operations, a brief 
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consideration will be given to the nature of the blowpipe 
flame, as many substances behave differently according as 
they are heated in the inner or outer portion of this flame. 
The pointed blowpipe flame (Fig. 5) is produced by in- 
serting the nozzle of the pipe in the flame of the spirit-lamp 
and blowing into it air inhaled through the nostrils and 
forcibly expelled into the pipe by contracting the muscles of 
the cheeks. On observing this conical flame it will be seen 





Fig. 5. 



Fig. 4. 

to consist of two well-defined conical zones, one inside the 
•other. The inner cone, R, is highly luminous, whilst the outer 
flame, o, is inferior in brightness but is blue in colour. The 
former consists of gases which are capable of taking up oxy- 
gen, whereas the outer cone, in addition to completely oxidised 
bodies, contains free oxygen at a very high temperature. 

The behaviour of these two parts of the blowpipe flame 
towards various substances diflers considerably, the properties 
of the two flames being entirely opposite ; the inner flame, R, 
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has the power of removing oxygen from bodies containing^ 
that element, and is therefore called the " reducing " flame ; 
whilst the outer flame, by virtue of its content of glowing,^ 
free oxygen, exerts a powerful oxidising influence and is con- 
sequently termed the " oxidising " flame. 

For instance, if metallic lead be placed in a small hollow, 
on the surface of a block of charcoal, and exposed to the 
reducing flame, it will simply melt and retain its metallic 
condition unchanged ; but if the charcoal is now moved so as 
to allow the point of the oxidising flame to impinge on the 
molten metal the latter is rapidly converted into lead oxide, 
which on cooling remains as a fused yellow mass of litharge. 
On again moving the charcoal so as to bring the lead oxide 
under the influence of the reducing flame, the oxide will be 
deprived of its oxygen, and again reduced to the metallic 
state. 

After prolonged exposure to the reducing flame a fusible 
substance (glass) containing iron will, when cooled down, 
exhibit a bottle-green coloration due to ferrous oxide, but if 
heated in the oxidising flame will acquire a yellow tinge (ferric 
oxide). These two results conjointly afford a sure proof of 
the presence of iron. 

Testing Raw Materials with the Blowpipe Flame. 

The testing of the raw materials for the manufacture of 
enamel is usually confined to an examination for the presence 
of impurities calculated to affect the colour of the product. 
It depends on the nature of the substance to be tested whether 
it is examined by itself or with the assistance of reagents. 
Of course these reagents must themselves be pure in order to 
prevent false indications being given ; and all such that fail to 
stand the test for purity must be discarded. 

Those raw materials that can be examined by the simplest 
means will be taken first. In the case of these the method 
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Gonsists in moistening with distilled water the loop formed by 
bending one end of a piece of platinum wire, then dipping 
this loop into the substance to be tested, and fusing the 
adherent particles of powder in the blowpipe flame. These 
operations are repeated until enough substance is on the loop 
to fill it and form a bead, the colour of which can then be 
accurately judged by holding it before a white back- 
ground (paper). 

In testing for the commonest impurity (iron) in these 
materials, it is always advisable to employ the reducing flame, 
the green coloration produced by ferrous oxide being always 
more decided than the yellow tinge furnished by the same 
quantity of ferric oxide. Moreover, when the presence of 
iron has been ascertained by the reducing-flame test, one is 
always able, from its subsequent behaviour in the oxidising 
flame, to ascertain whether the material is calculated to yield 
a colourless enamel if the mass be fused under conditions 
ensuring the complete oxidation of the iron. 

Testing the Alkalies, 

To test alkalies and the salts (potash, soda, common salt, 
Glauber salt, potassium sulphate) furnishing alkalies in the 
process of manufacturing enamel, the substance is first melted 
to a bead in the reducing flame, prolonged heating being 
necessary, especially for the carbonates. If the bead when 
cold has a green tinge, ferrous oxide is indicated ; but, if 
perfectly colourless, no iron is present. 

Potash not infrequently contains manganese compounds, 
to detect which the potash is fused along with saltpetre to a 
bead, which is kept in a molten state for a short time at the 
tip of the oxidising flame. A green coloration in the cooled 
bead indicates manganese. 

Practical experience will soon enable the observer to judge 

from the strength of the coloration whether the material 

6 
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under examination is fit for our purposes or not. In the 
enamel mass manganese is converted into silicate, and as a 
rule the small quantity of manganese present in potash does 
not affect the properties of the enamel. 

The alkaline earths — lime, chalk, gypsum, dolomite, argil- 
laceous limestone, barytes, witherite, etc. — are examined in the 
same manner, by heating in the reducing flame and noting 
the colour. As, however, many of these substances are in- 
fusible before the blowpipe, recourse is had to anhydrous 
borax in order to obtain transparent samples. 

When carbonates are fused along with borax, the bead is 
at first turbid from the accompanying bubbles of carbon 
dioxide liberated by the boric acid ; in such event the bead 
must be maintained in a state of fusion until all the gas has 
escaped and the mass becomes quite clear. 

The enamel fluxes — borax, boric acid, fluor spar and cullet 
— may all be tested for iron in the above manner, all that is 
usually necessary being to fuse them, without admixture, and 
examine their behaviour alternately in the reducing and 
oxidising flames. 

Testing Silica. 

This substance, in the state of quartz meal and sand, is 
quite infusible by itself, and consequently has to be fused 
with an alkali, when tested for impurities, ordinary soda (of 
course free from iron) being generally employed on account 
of the fusibility of its bead. The mixture must be heated 
until all the carbon dioxide has been driven off", leaving the 
bead quite clear. 

If the test fail to reveal iron in the siHca or other sub- 
:stance under examination, but leaves the bead grey, yellow, 
or brownish after heating in the reduction flame, this colora- 
tion may be due to the presence of finely divided carbon. 
This may be readily confirmed by reheating the bead with an 
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addition of saltpetre — this time in the oxidising flame. In 
case the colour is the result of carbon or organic matter, these 
bodies will be consumed by the oxygen liberated from the 
saltpetre, and a perfectly colourless bead will be left on cooling. 

Testing Lead Preparations. 

The object of testing preparations of lead — litharge* 
minium, white lead and lead sulphate — is twofold, namely, 
for the presence of copper or antimony as accidental im- 
purities, and for adulterants, which not infrequently are 
intentionally added, especially to minium and white lead. 

For the detection of adulterants it is generally sufficient 
to reduce the minium or white lead to the metallic state on 
charcoal before the blowpipe. If the resulting bead exhibits 
the ductility of lead, and no residue is left behind on the 
charcoal, the substance may be considered as pure. If, how- 
ever, the bead is brittle, the white lead may have been 
adulterated with zinc white, the presence of which can be 
ascertained with certainty by reheating the bead in the 
oxidising flame. Under these conditions lead yields a yellow 
incrustation deposited on the charcoal in the immediate 
vicinity of the bead ; whilst zinc oxide, which is more volatile, 
will be deposited a little farther away, and will besides show 
up yellow when hot, turning pure white on cooling. 

A white infusible residue left behind on the reduction of 
white lead almost invariably consists of barytes, the powder 
in that case exhibiting a crystalline structure when examined 
under a magnifying glass. A red residue from the reduction 
of minium indicates ferric oxide, or, more frequently, brick 
dust. To distinguish between them, fuse with a borax bead 
in the reducing flame : a green coloration points to ferric oxide. 
A similar coloration is, it is true, furnished by brick dust, but 
in the latter case a much higher temperature is needed to fuse 
the mass than when pure ferric oxide is present. ^ 



84 ENAMELS AND ENAMELLING. 

To test lead preparations for the very grave impurities, 
copper and antimony, they must tirst be fused to a colourless 
bead with borax, then dipped in powdered saltpetre and 
heated in the oxidising flame : a wine-yellow tinge indicates 
antimony, whilst copper gives a green bead which turns red 
after prolonged heating in the reducing flame, owing to the 
conversion of the cupric oxide into cuprous oxide. If the 
bead is greenish yellow in colour, both copper and antimony 
may be simultaneously present ; to place the matter beyond 
doubt the substance must be subjected to the proper wet tests 
for these metals. 

Testing the Pigments. 

The object of examining the metallic oxides added to 
enamels is twofold — namely, to determine their purity and 
their behaviour in the enamel mass. The latter is a very im- 
portant point in that it atfbrds absolutely certain information 
as to the intensity of colour that may be looked for in a given 
enamel mass, and also as to the manner in which the fusing of 
the mass should be performed. 

In order to have a reliable standard of comparison for the 
colour reactions furnished by the different metallic oxides, it 
is desirable to prepare a series of borax beads tinged with 
oxides of known purity. By this means one is soon able to 
judge the colour reactions produced by the substances under 
examination, and acquire skill in detecting small quantities of 
oxides by the blowpipe test. 

The method of testing the purity of metallic oxides i^ 
simple, and consists in fusing a minute quantity along with a 
borax bead or with a little of the enamel mass it is destined to 
colour. Since the quantity of oxide taken must be exceed- 
ingly small or the bead will be stained too deeply for the 
colour to be distinguishable by transmitted light, the bead of 
borax or enamel must first be fused until quite colourless, and. 
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when cold, dipped in water and just brought in contact with 
the powdered pigment, sufficient of which will then adhere to 
suitably colour the bead. 

Should, after these precautions, the colour still be too in- 
tense, the bead is removed from the loop, and a fresh bead made 
and dipped in the powder furnished by the old one. By this 
means the colour is so diluted and lightenea that an accurate 
judgment will become possible. [KB. — These tests must always 
be made by daylight.] 

The following colour reactions are furnished by the prin- 
cipal enamel pigments, with a borax or enamel bead, before 
the blowpipe : — 



In the 



Iron . 

Iron and alumina 

Copper 

Cobalt 

Manganese 

Chromiuni 

Antimony . 

Uranium . 

Silver 

Zinc . 

Lead . 



Reducing: flame. 
Bottle green 
Bottle green 
Red . 
Blue . 
Colourless . 
Emerald green 
YeUow 
Yellow green 



Oxidising flame. 

Reddish yellow. 

Red. 

Emerald green. 

Blue. 

Violet. 

Yellow. 

Yellow. 

Yellow green. 

Yellow. 



. Grey . 

. Yellow when hot, colourless when cold. 

. Yellow when hot, yellow when cold. 

It should be noted that, as already mentioned, strong 
(oxide) pigments such as ferric oxide, manganese dioxide, cobal- 
tous oxide and cupric oxide, when used in somewhat larger 
amounts, produce deep black, in which event the colour must 
be diluted by fusing over again with a new colourless bead. 
Furthermore, that the colour of the beads while hot differs 
from that exhibited at the ordinary temperature ; thus, beads 
containing lead or zinc are yellow when hot, whilst, on cooling, 
the zinc bead becomes colourless. 

Testing the Enamel Mass. 

In order to examine somewhat larger quantities of enamel 
mass for colour, a thin strip of platinum foil, or, better still, a 
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flat platinum capsule (crucible cover), about 1 inch in diameter 
may be used. This vessel being held by the tongs, the con- 
tents are fused before the reducing or oxidising flame of the 
blowpipe, until perfectly fluid. The fused mass can generally 
be separated from the platinum by careful pressure with a 
knife, especially when the cooling has been ettected quickly. 

In default of a platinum vessel a sherd of white porcelain 
will serve ; but in this case the enamel generally fuses so tight 
on to the porcelain as to be rarely separable therefrom. 

By means of fusion tests conducted in this way an idea 
is gained of the manner in which the enamel should be 
treated on the large scale. Thus, if the reducing flame is found 
to injuriously affect the desired shade of colour, it will be 
necessary to take care, in making the enamel, to protect the 
mass from the reducing action of the furnace gases, or to add 
oxidising agents (saltpetre, manganese dioxide), to prevent 
any reduction. 

The general description of the properties of the pigmentary 
materials and their behaviour in an oxidising or reducing 
atmosphere will also afford a guide as to the course to be 
pursued in fusing the enamel. 

As the various enamels also react on the metallic surfaces 
which they are employed to cover, and modifications of colour 
may thereby ensue, it is also desirable to make fusion experi- 
ments in this direction. Such experiments may be easily 
performed by coating small strips of suitably prepared sheet 
metal (iron or copper) with enamel mass before the blowpipe, 
and examining the colour of the samples after cooling. This 
is a preliminary task which will afford important information 
as to the best thickness for the layers of ground and covering 
enamel — a point which will be reverted to in due course. 



IX. 
SUBSIDIAKY MATEKIALS. 

As is the case in other chemico-technical trades, the manufac- 
ture of enamels entails the use of various subsidiary materials 
which, although not entering into the composition of the 
product, are yet essential for the preparation of the same. 
However, in the branch with which we are now concerned, 
these subsidiary materials are few in number, and may be 
advantageously divided into four classes, viz. : water, fuel, 
pickling materials and ammonium carbonate. 

Owing to the importance of these materials both in regard 
to the item of cost — in which respect fuel heads the list — and 
also to their influence on the resulting enamel, it is necessary 
to devote a few words to their consideration. 

Water. 

The principal use of water in the enamel industry is as 
a vehicle for the various materials during the operation of 
grinding ; and the properties of the water employed may 
have a considerable influence on those of the enamel. Thus, 
if the water contains organic impurities in suspension, these 
will be retained, by the materials to be ground, just as in a 
filter, and as they will be carbonised in the subse^juent process 
of fusion this may explain why, for example, some enamel- 
makers are unable to produce perfectly white or really 
handsome-coloured enamels in delicate shades. 

If the impurities present in the water are merely in sus- 
pension, the difficulty is easily got over by filtration through 
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sand, or, better still, an animal charcoal filter, which will 
infallibly retain all solid bodies present. 

A more injurioas impurity in water for our purpose is 
sulphuretted hydrogen. This gas, which is soluble in water, 
is a frequent product of the putrefaction of animal matter ; 
and the water from wells in the vicinity of cesspools or manure 
heaps is often largely contaminated by the gas. 

Certain metals exhibit a very great affinity for sulphuretted 
hydrogen, with which they forfn blackish compounds, two of 
the most susceptible in this respect being lead and copper. 
Consequently, when a lead preparation is ground in water 
containing sulphuretted hydrogen, the mass will turn to a 
decided grey, owing to the formation of the black compound, 
lead sulphide, 

If the use of such contaminated water is unavoidable, it 
is advisable to add a small quantity of saltpetre to all plumbi- 
ferous enamel masses ground therein, so that in the fusing 
process the lead sulphide may be oxidised to sulphate. 

The most delicate test for the presence of sulphuretted 
hydrogen in water is to boil the suspected sample in a vessel 
of glass or porcelain, and hold over it a strip of white paper 
saturated with sugar of lead (lead acetate) solution. A black 
coloration indicates the presence of sulphuretted hydrogen, 
the extent of the contamination being easily judged by the 
depth of the stain ; if, however, the paper remains uncoloured, 
the water is free from the substance in question. 

Almost every well water contains a small quantity of 
iron, generally unimportant so far as our purpose is concerned, 
but a large proportion of this metal is prejudicial. Its presence 
may be easily detected by acidifying a 2 -litre sample of the 
water with a few drops of nitric acid, evaporating down to 
l litre, and adding a few drops of potassium ferrocyanide solu- 
tion. Well waters, almost without exception, will exhibit a 
blue coloration under this treatment ; but if the tinge be 
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merely a faint one the amount of iron is so small as to be 
practically negligible, so far as its influence on the colour of 
enamel is concerned. On the other hand, if a deep coloration 
is produced, or a blue precipitate is formed, the water must 
be regarded as highly ferruginous and likely to contain iron 
sufficient to spoil the beauty of delicate coloured enamels. 

The presence of comparatively large quantities of iron can 
also be recognised by the formation of a flocculent brownish 
precipitation of ferric hydrate when the water is boiled. The 
lime and magnesia salts and sodium chloride, almost invariably 
present in well and spring water, are unimportant for our 
purpose. 

It is evident from the foregoing that the manufacturer of 
enamels should endeavour to obtain perfectly clear water, free 
from sulphuretted hydrogen or any appreciable quantities of 
iron compounds. When the water is intended for use in the 
preparation of certain pure pigmentary materials it is essential 
to employ nothing but distilled, or very pure well water. 

Fuel. 

In the enamel industry very large quantities of fuel are 
consumed, it being necessary to heat the masses to high 
temperatures in order to bring them into a state of fusion 
In this connection not only is the cost of the fuel in relation 
to its calorific power a matter of some importance, but also 
the indirect influence the fuel may exert on the quality of the 
enamel mass should be considered. For example, when a fuel 
yields a large quantity of specifically light ash, it may happen 
that some of the latter gains access to the enamel mass and 
aflects its colour. Wood ashes always contain small amounts 
of un consumed carbon (hence their grey colour), and should 
a small quantity of this ash find its way into an enamel mass 
containing no oxidising materials, the upper layers of the 
mas8 would acquire a decided grey tinge. Still more injurious 
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in this respect is the ash of certain lignites, which, in addition 
to carbon, contains a considerable quantity of ferric oxide 
capable of colouring the enamel mass. 

Where the draught in the enamel smelting furnace is 
defective, the products of combustion are likely to be highly 
charged with reducing gases, which will have an injurious 
effect on many coloured enamels ; for instance, the emerald 
green shade produced by cupric oxide will, under such con- 
ditions, be invariably discoloured owing to the reduction of 
the cupric oxide to cuprous oxide. 

Consequently, care must be taken to select a fuel that yields 
no flying ash, and to construct the furnace in such a manner 
as to ensure an efficient draught in order that the fuel may 
be completely consumed to carbon dioxide and water vapour. 

The fuel at the disposal of the enamel-maker includes 
wood, peat, lignite, coal, wood charcoal, coke, and, in some 
places, anthracite. 

Under ordinary circumstances wood is. too expensive for 
use as fuel in smelting enamels, and is moreover attended 
with the inconvenience that it bums away very quickly, so 
that the fire requires frequent attention to keep it up. 

Peat is of low calorific value, yields a large proportion of 
ash, and is difficult to use in furnaces on account of its bulky 
nature. 

Wood charcoal, especially from hard woods such as beech^ 
forms an excellent fuel in every respect, the ash being small, 
the combustion perfect, and the heating power considerable. 
Unfortunately in most places it is too expensive for our pur- 
pose, and it is only where wood is abundant that the use of 
charcoal is feasible. By reason of its high content of potassium 
carbonate, the ash from wood or charcoal can be utilised as a 
source of potash for the preparation of common enamels. 

When lignite is used the dense, dark-coloured kinds should 
be chosen, as these alone have a suitable calorific power, the 
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light-coloured lignites, still exhibiting the structure of wood, 
being often in this respect barely superior to peat. 

The best kinds of coal to use are the deep black, shiny 
varieties. Those containing pyrites cannot be recommended, 
as they give off, during combustion, large volumes of that 
highly reducing gas, sulphur dioxide. Coals yielding a large 
quantity of soot are also unsuitable. 

Anthracite is an excellent fuel, consisting, as it does, almost 
entirely of pure carbon ; its calorific value is exceedingly high, 
and it yields a smokeless flame. However, to get anthracite 
to bum properly, the fire-box or hearth requires to be con- 
stantly charged with compressed air from a blower. 

Coke^ the well-known by-product obtained from gas-works, 
is somewhat similar to anthracite, in consisting mainly of car- 
bon and little else beyond the ash constituents of the original 
coal. Owing to its porosity, however, it burns more freely 
than anthracite and can be used, without difficulty, in any 
furnace, etc., provided with a good draught. As, moreover, 
coke burns without smoke and furnishes only carbon dioxide 
and ash, the temperature developed being also very high, 
it forms an excellent fuel for smelting enamel, and can be 
obtained cheaply in all places where gasworks exist. 

Gas Fuel. 

Gas forms the ideal fuel for the purposes of the enamel - 
maker. Ordinary lighting gas, when mixed with the necessary 
amount of air, gives a very hot, smokeless flame, but is too 
expensive to be thought of for our purpose. The so-called 
generator system of heating, wherein the fuel is consumed 
at a central station, or generator, and the hot gases are led 
to their various destinations (smelting ovens, muffles, etc.), 
through a series of pipes and valves, appears a very 
advantageous method. 

In the author's opinion water gas oflers the cheapest 
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means of heating in enamel works, and he considers that this 
system should have the preference where reconstruction ift 
decided upon. 

Pickling Materials. 

The substances comprised under this term serve, in the 
enamel industry, to clean the metal surfaces to which the 
enamels are to be applied, i.e., to free the said surfaces from 
adherent oxides, since enamel will not stick on any but a 
surface of clean metal but will peel off, be the film of oxide 
never so thin. 

Out of the numerous acids capable of dissolving metallic 
oxides the one most generally employed is commercial 
sulphuric acid ; which, however, is too strong to use as a pickle 
by itself, and therefore has to be diluted, generally in the 
proportion of 20 to 22 parts by weight of water to 1 part of 
acid. 

In mixing the two the acid must be poured into the water 
in a thin stream, with constant stirring ; but on no account 
should the water be poured into the acid, since in that event 
the mixture heats so rapidly that portions are projected 
violently out of the vessel to the great danger of the operator. 
Sometimes the use of Nordhausen sulphuric acid (fuming acid) 
is advocated, but there is no advantage in this, as it is 
converted into ordinary acid on dilution. 

Vinegar is also used as a pickle and acts by virtue of 
the acetic acid it contains, but is only advisable when it can 
be bought cheaper than sulphuric acid ; the crude wood 
vinegar is the most suitable on account of its low price. 

In some places a pickle is prepared from crushed barley 
or oats, stirred up with warm water and left to ferment. 
The product contains lactic acid, acetic acid and other organic 
acids, which constitute the active principle. It presents the 
disadvantage, however, of giving off a very disagreeable 
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putrid odour after a short time ; and, besides, the presence of 
the solid particles of meal increases the trouble of rinsing the 
metal when cleaned. 

Consequently the cheap and strong commercial sulphuric 
acid forms the best pickle, and is more frequently used than 
any of the others mentioned. 

Ammonium Carbonate. 

This salt — often, though erroneously, called " ammonia " — 
is used in enamelling, to prevent the layer of enamel from 
cracking. At the present time it is obtained in large quantities 
as a by-produce in gas-works, and forms colourless crystals 
which are coated over with a white powder and smell like 
ammonia. 

Being extremely volatile, ammonium carbonate must be 
kept in tightly closed vessels, and preferably in a powdered 
condition. This method of storage is also best for all other 
fine materials, especially for pigments (which are often very 
expensive). Materials that are used in large quantities, such 
as purified quartz meal, powdered felspar, etc., may be kept 
in casks, dust being excluded by close-fitting lids. 



X. 

PREPARING THE MATERIALS FOR ENAMEL-MAKING. 

The purification and reduction of the principal materials 
have already been dealt with, and but little remains to be said 
on this matter. Hard substances such as quartz and felspar are 
difficult to pulverise in their ordinary state, but when quenched 
may be easily reduced in stamping mills, the resulting coarse 
powder being afterwards brought into an extremely tine state 
of division by grinding in suitable mills, and, if necessary, 
washed by sedimentation. 

Glaze Mills. 

For reducing the hard materials, the so-called glaze mills 
are used. These are of various patterns, but one chief point 
has to be borne in mind in their construction, namely that 
the substances to be ground must be kept out of contact with 
metal, on account of the coloration produced by the particles 
of the latter worn away by attrition. 

In small works use may be made of an ordinary grinding 
mill, in which the materials are ground in a wet state. The 
composition of the grinding rollers or millstones may be a 
source of inconvenience. A stone very rich in quartz, preferably 
a porous quartz rock, is generally used ; but, though of the 
seventh degree of hardness, such stones wear away very 
quickly, since the felspar to be ground is of the sixth degree, 
and the quartz also of the seventh degree of hardness ; and 
on this account the stones of glaze mills require very frequent 
renewal — an expensive and tedious operation. Nevertheless 



PREPARING THE MATERIALS FOR ENAMEL-MAKING. 95 

it is not advisable to use millstones of any other material than 
quartz, such stones being usually much softer than the latter, 
and mostly containing ferruginous minerals detrimental to 
the quality of the enamel. It is therefore best, in large 
works, to proceed with the reduction of the materials in a 
systematic manner, somewhat as follows: The material is 
-calcined, then quenched, and broken down in a stamping mill, 
the resulting coarse powder being sifted and the fine siftings 
passed on for further treatment, whilst the remainder is 
returned to another department in the stamping mill. 

Edge-Runner Mills. 

The further treatment of the coarse powder is best per- 
formed by dry grinding in edge-runner mills. These consist 
■of a horizontal plate, in the centre of which revolves a vertical 
jshaft, supporting a horizontal crosspiece which serves as the 
axis of a pair of circular millstones. As the vertical shaft 
revolves, the millstones, rotating on their axes, describe a 
•circle on the horizontal bottom-plate, and pulverise the material 
lying thereon, scrapers being employed to bring the material 
continually into the path of the rollers. Figs. 6 and 7 show 
the arrangement of a recognised excellent edge-runner mill 
fitted with a revolving bottom-plate, G, which takes the form 
•of an annular trough, actuated by a bevel wheel mounted on 
the vertical shaft J and receiving motion from the driving 
pulley N through the cogwheel O on the horizontal shaft C. 
The shaft J is attached at the bottom to the trough, and runs 
on bearings M and L. The rollers or runners, H, revolve on a 
fixed horizontal shaft, their movement resulting solely from 
the friction produced by the material under treatment 
between the runners and the bottom of the trough. The 
material is kept in the path of the rollers by means of 
scrapers provided on the bottom-plate. 

The material delivered, in the state of coarse sand, from 
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the stamping mill is ground by the edge-runners to the- 
fineness of ordinary sea aand and is then transferred to the 
ordinary mills. If a atill finer and more homogeneous product 
is required, which is seldom the case unless for special qoalities 
of enamel, the powder coming from the mills ia washed by 
sedimentation, the coarser particles being used for ordinary 
enamels and the finer for those of higher quality. 

When washed in this manner, or ground in a wet state, 
the drying of the materials entails great care. With this 




object the pulpy mass is spread out about two inches thick 
on cloths stretched upon frames, the layer being covered 
over by other cloths and left to dry : at the ordinary tem- 
perature in summer, whereas in winter time the waste hot 
gases from the smelting and calcining ovens are utilised for 
heating the drying rooms containing the aforesaid Frames 
mounted on racks. 

In an enamel works of any size several sets of mills must 
be provided, together with a reserve of millstones ready for- 
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use, as the stones wear away very quickly and frequently need 
trimming, and it saves time to change them before they get 
worn down and untrue. 

Tin oxide being already in a very finely divided state 
needs no grinding, but only requires levigating to remove the 
particles of metal present. 

Comparatively soft materials such as lime, soda, etc., 
are reduced either in a stamping mill or by pounding in 
a mortar, and passed through a fine sieve, so that all the 




materials required for preparing the enamel mass are in as 
finely divided a condition as possible, ready for use and fit for 
mixing. 

The foregoing treatment of the raw materials though 
expensive is a necessary and absolutely indispensable process, 
as it is only when the greatest care has been bestowed on the 
preparation of the materials, and they have been reduced to 
the finest possible condition, that one can count on obtaining 
a readily fusible and perfectly homogeneous enamel. 



XI. 
MIXING THE MATEEIALS. 

From the theoretical explanation of the changes taking place 
during the formation of glass it follows that, in the fusing of 
the enamel mass, the individual materials (silica, lime, soda, 
etc.) must be in an extremely fine state of division and 
intimacy of admixture. If the operation of mixing is not 
properly carried out, the enamel obtained by fusing the 
various materials together will not fulfil expectation, but may 
exhibit considerable irregularities in point of composition and 
fusibility. Thus, for example, if one part of the mass con- 
tains a large proportion of quartz and lime with a relatively 
small amount of soda, this portion will form a very refractory 
enamel, whilst in the remainder the converse conditions pre- 
vailing will render the product extremely fusible. That an 
enamel of such irregular character will give rise to diflS- 
culties in the course of its application to a metal surface 
requires no demonstration. 

Consequently, uniformity of admixture throughout the 
entire mass is an indispensable feature, and one entailing 
^eat care in the mixing process. 

Mixing Barrels. 

The most serviceable method of mixing the raw materials 
for jenamel is that wherein use is made of very strong 
barrels, with wide bungholes provided with tight-fitting 
covers. A shaft is passed through the ends of the barrel so 
that the latter can be rotated upon the axis thus provided. 
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The barrel being charged about two-thirds full with weighed 
quantities of materials, according to the recipe for the enamel 
to be produced, is caused to rotate slowly on its axis, where- 
by the materials are thrown together and incorporated with 
one another. 

The time required to produce a thorough admixture of 
the contents of the barrel can only be determined by ex- 
perience, and chiefly depends on the size of the vessel, the 
operation being more quickly completed in small barrels than 
in those of large size. 

Since the fused enamel mass has to be ground up again, 
it is evident that a considerable amount of motive power is 
required in a large enamel works. The cheapest form is 
water power, when sufficient is available for driving the edge- 
runners, grinding mills and mixers. In default of water, 
steam is the least expensive, the engine being preferably 
mounted in a central position for driving the machinery, so as 
to reduce the cost of mounting, and loss of power in driving 
long shafting. 

To economise fuel it is advisable to utilise the heat of the 
waste gases from the furnaces to dry the raw materials; 
and, where possible, to assist in heating the boilers, warming 
the water needed for other purposes in the works, etc. ; in a 
word, to utilise the fuel to the utmost. 



' "Ifilfli 



THE PREPARATION OF TECHNICAL 

ENAMELS. 

XII. 
THE ENAMEL MASS. 

In the preceding pages, enamel masses have only been dealt 
with generally — the method of preparing the raw materials 
being the same in all cases. Although many makers carry 
out the process of enamelling in one operation, and with a 
single enamel mass, it is nevertheless preferable to divide it 
into two stages and employ two separate enamel masses. 
This is particularly important when it is desired to produce 
enamelled goods able to withstand repeated exposure to high 
temperatures, as is the case with cooking utensils. 

Only when the composition of the enamel is such as to 
enable the latter to expand and contract in sympathy with 
the metal to which it is applied will the coating remain 
intact after the article has been a long time in use. If, on 
the other hand, the enamel is unable to follow the fluctuations 
of the metal, the inevitable consequence will be that in a 
short time innumerable small fissures — invisible at first — will 
be produced, and the enamel — losing its hold on the metal — 
will begin to chip ofi*. 

At the time when the manufacture of enamelled goods, 
especially cooking utensils, began to be carried on on a large 
scale, sufficient attention had not been bestowed on this circum- 
stance, and consequently most of the enamelled ware produced 
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suffered from the defect that the glaze was soon rendered 
xinsightly by the aforesaid cracks, and quickly began to chip 
off — a behaviour which greatly retarded the general extension 
of enamelled goods for domestic purposes, by reason of the 
lack of durability exhibited by this somewhat expensive 
ware. 

For a long time endeavours have been made to produce 
enamel masses possessed of sufficient properties of expansion 
and not liable to crack and chip off; but this object was not 
attained until the practice was adopted of replacing a single 
layer of enamel by two, of different molecular and chemical 
properties, the one mass being termed the ground, and the 
other the covering layer. 

The Ground Layer. 

As its name implies, the ground layer of enamel is the one 
applied direct to the surface of the metal, and separating the 
latter from the covering layer. With regard to the properties 
of the ground layer it should be noted that the mass should 
be of a very refractory character, and only sintered, without 
being actually fused, upon the surface of the metal, so that it 
covers the latter, not as a perfectly coherent coating but as a 
porous mass. It is as a result of this porosity that the metal 
is able to expand and contract rapidly without causing a 
separation of the constituent particles of the ground layer of 
enamel. 

The Covering Layer. 

This layer, which acts as a glaze towards the ground layer, is 

■ 

invariably compounded in such a manner as to be more readily 
fusible than the latter, and to unite therewith at the surface 
of contact, so that the enamel exhibits, in the finished state, a 
gradual transition from the covering layer, through an inter- 
mediate mixed stratum, to the ground layer. 

The method of treating the masses intended to form the 
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covering and ground layers of enamel varies according to the 
amount of care exercised in different factories. The most 
effective method, and the one best calculated to produce 
good results, is undoubtedly that wherein the mass resulting 
from the fusion of the materials is re-ground, then applied 
to the object to be enamelled, and fused thereon — the opera- 
tion being the same in the case of the cover- enamel. 

The repeated fusings make this process expensive, and 
therefore many attempts have been made to cheapen it by 
modifications; none of which, however, have succeeded in 
yielding equally good results. 

In the case of cheaper ware, the preliminary fusing of the 
ground layer enamel is omitted — the mixed raw materials 
being applied direct to the surface of the metal and melted 
thereon. The cover enamel is then usually dusted on in the 
form of powder, and fused. Provided sufficient care be exer- 
cised, perfectly unimpeachable results can be obtained by this 
method, though in no case is the ware so durable as that 
prepared by the aid of previously fused ground and cover 
enamels. 

As, notwithstanding their lower price, the less carefully 
prepared goods cannot compete with those manufactured with 
greater attention to suitable precautionary regulations, it is to 
the interest of every maker of enamelled ware to use none 
but previously fused enamel masses, and to discontinue the 
practice of melting the enamel mixture direct on the metal. 



XIII. 

APPLIANCES FOE SMELTING THE ENAMEL MASS. 

Formerly the smelting of the mass was performed on small 
quantities at a time, owing to the difficulty then standing in 
the way of working with larger amounts, especially in the case 
of very refractory enamels. The chief cause of the reluctance 
of makers to carry out this important operation was on 
account of the enormous quantity of fuel consumed in the 
furnaces ; but since the great progress made in the construc- 
tion of the latter, the difficulty has been abolished, the heat 
employed being now fully utilised. 

Crucibles. 

The smelting of glass masses is generally effected in large 
pots or crucibles of special shape and method of arrangement 
in the furnace, and a few words will be devoted to these 
crucibles before passing to the description of the furnaces. ' 

It is naturally indispensable that the crucibles should be 
made of perfectly fireproof materials, since they have to with- 
stand strong white heat ; and as they are rather expensive it 
becomes necessary to make them serve as many times as 
possible. 

In most works the so-called Hessian crucibles are used for 
smelting the enamel mass, these appliances being excellent for 
this purpose in so far as their high fire-resisting properties 
are concerned, the highest temperature of the furnace pro- 
ducing no further effect on them than a slight sintering of 
the edges. Nevertheless, the chemical influence exerted by 
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the materials of the Hessian crucible on the enamel mass is a 
very important consideration. Masses rich in basic substances, 
e,g,j soda, attack these crucibles to a considerable extent and 
form, at the surface of contact, highly refractory compounds. 
Furthermore, the iron compounds present in the crucible 
material make their way, to some extent, into the enamel and 
produce coloration — these results ensuing more particularly 
while the crucibles are still new, since the highly refractory 
layer, formed by combination with silica on the walls of the 
crucible during the smelting of the first charge, constitutes a 
kind of glaze which, in subsequent use, both preserves the 
crucible from further corrosion and prevents the contents 
from becoming contaminated. 

The chief cause operating to spoil the crucibles is, 
usually, the practice of refilling them with a fresh charge 
whilst still in the furnace, immediately after the fused charge 
has been run off* through the aperture provided for the purpose 
at the bottom of the crucible. At the moment of emptying, 
the crucible is at the maximum temperature attainable in the ' 
furnace, and if now the fresh charge of comparatively cold 
materials be introduced at once, the result is that cracks are 
liable to be produced, which constantly increase and often 
terminate in the breakage of the crucible just at the moment 
when it is full of fused material, thus causing a great waste of 
time and stuff*. 

It not infrequently happens that a crucible is already 
spoiled before it has been used at all, since when left exposed 
to the air for some time the crucibles have a tendency to 
absorb moisture, in a quantity sufficient — though in itself 
small — to cause them to crack if exposed to the heat of the 
furnace without due precaution. Thus, when put suddenly 
into the hot furnace, the water contained in the pores is con- 
verted immediately into steam, which by its rapid efforts to 
escape gives rise to cracks in the mass of the crucible. 
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Consequently, in all large enamel works, where the fur- 
^^ces are in constant use, it becomes important to prevent as 
p€tr as possible the damage and inconvenience arising from the 
k>reakage of the crucibles in this manner. To this end, each 
Cirucible is very carefully examined, rejecting any that appear 
defective, and placing the sound ones to dry, a very suitable 
xnethod of carrying this into effect being to keep a number of 
the crucibles on the dome of the furnace, though a special 
<irying chamber, heated by the waste gases from the furnace, 
is still better. The- crucibles being thereby thoroughly 
dried can then be set in the furnace without any fear of 
cracking. 

It is highly advisable to warm the charge of material to 
be smelted in a separate chamber before filling the crucibles, 
since this procedure not only helps to prevent the cracking of 
the crucibles, but also to reduce the time occupied in fusing 
the mass, the work being greatly simplified when this pre- 
liminary heating is effected in a vessel from which the charge 
of warmed-up materials can be run direct into the crucibles. 
The most suitable vessels for this purpose are made of fire- 
proof materials, and shaped like a flat, oval basin with four 
strong lugs at the side, by means of which the vessel can be 
lifted with a corresponding iron fork. 

When a crucible is to be charged, one workman lifts the 
warming-up pan out of the chamber by the aid of the said 
iron fork, and slides it over the edge of the crucible, a second 
workman thereupon tipping up the pan, by means of a hook 
acting on a projection at the back, so that the contents are 
discharged into the crucible. A vessel and fork of the kind 
just described are shown in Figs. 8 and 9 respectively. 

In some works it is the custom to use the salts (e.g., borax, 
soda, etc.) employed in the enamel mass, direct without pre- 
viously depriving them of contained water, a practice that 
should, however, be deprecated on account of the difficulties 
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to which it givi 



ENAMELS AND ENAMELLING. 



, iu retarding the fiifiion of the iiiasii. 



The proper coui-se to pursue is to work with dehydrated 
materials whidi have been stored in tightly closed vessels 
and mixed with the other ingredients in the revolving barrels 
already mentioned, the mixture being promptly placed in the 
warming-up chamber to prevent any absorption of moisture. 




Unglazed porcelain crucibles are highly recommeodabfl 
though somewhat expensive. Ordinary porcelain, howevffl^ 
is not suitable for this purpose, its composition being sui 
that it sinters when exposed to the heat of the smeltit] 
furnace. This behaviour is due to the presence of such j 
large proportion of felspar, which fuses under the great he« 
employed, and forms a matrix surrounding the quartz aiM 
kaolin. 
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Consequently the porcelain crucibles for smelting enamels 
must be prepared from a mass endowed with very highly 
refractory properties and perfectly fireproof — an end easy to 
attain by reducing the content of felspar to a minimum, and 
correspondingly increasing the proportion of kaolin. 

Such a crucible, if properly treated at the first time of 
using, becomes excellently adapted for the fusion of enamel 
masses. When the first charge is smelted, the interior of the 
crucible becomes coated with a thin layer of glaze — ^more 
refractory than the rest of the contents and remaining 
unaftected by subsequent charges. Porcelain body being 
always made from pure (i.e., iron-free) materials there is no 
danger of the enamel mass being contaminated with iron, 
even the first time of using the crucible. 

Experience teaches that the crucibles last longest when 
kept constantly hot and prevented from becoming cooled 
through the admission of cold air or charging with unheated 
materials. For this reason the furnaces should be in work 
continuously, the crucibles not being removed or allowed to 
cool until they are worn out or the furnace is to be shut 
down for some time. In the latter event the dampers are 
closed, so that the fire burns out slowly and the furnace after- 
wards gradually cools down, the crucibles not being removed 
until cool enough to handle ; they are then carefully exam- 
ined, especially near the bottom, before being used again. 

The Smelting Furnace. 

The furnaces formerly in general use for smelting enamel 
masses were of the vertical type shown in section in Fig. 10. 
In the centre of the hearth is a circular opening containing 
a cylinder of fireproof material extending downwards through 
the ashpit into a chamber underneath, whilst the upper end 
projects a short distance into the furnace, and, being cut off' 
flat at the top, serves as a support for the crucible. The 
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furnace is .supplied with fuel through the top ; ami the 
chamber below the ashpit contains a tub of water to receive 
the molten mass of enamel. 

The crucible is fitted with a lid, which prajects beyemd 
the walls all round and is provided at the top with a knob 
for liftiug. The bottom ia perforated with an aperture which 
is cloaeil, each time the crucible is re-charj^d, by means of a 
layer of quartz meal mixed to a paste with water. 




A numbei ot sucJi furnaces (c /, six) nia; lit ai 
round a central flue to carry otl the products of combustioi 
and, by a shghtlj modified consttuction the waste gaaea c 
be diverted, first into the heating up chamber and then undi 
the pan for calcmmg tin, oi into tht room toi drying 1 
ware to be enamelled, etc. In such case it is advisable 1 
make the furnace nf such a shape that the fuel is admitted j 
not through the top, but by an aperture in the side, a litM 
higher than the upper edge of the crucible, so that the coii^ 
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I tente of the tatter can be examined, the plug at the bottom 

knocked out, ami a fresh charge inserted. 

Tlie arrangtimcnt of thiw class of furnace exhibits great 
similarity with that of an ordinary glass furnace, anil is more 
economical in consumption of fuel than when each crucible 
has to be heated separately. 

For larger establishments, the author lias designed n 
furnace to hold nine or twelve crucibles, as shown in section 
in Fig. 11, and in plan in Fig. 12. The crucibles are mounted 
on conical supports, resting on an arch niider which the 




I vessels for catching the molten mass are situated. The heat 

• melting the charge in the crucibles ascends from two 

bearths, F, and the object of the partition walls, S, is to unite 

lie two currents of hot gases and convey them to the chimney, 

The top of the furnace is formed of a thick fireclay plate 

Tced with nine (or twelve) openings into which the crucibles 

;, Uie latter being very tall in proportion to their breadth, 

vier to hold a larger quantity of the enamel mass, which 

inks considerably in bulk as it fuses. 

r works of extra size, the best smelting furnaces are 
B wherein the crucibles, instead of being e.xpased dii-ectly 
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to the burning fuel, are heated by {^ene-rator-gas produeedfl 
a separate furnace. In this case the crucibles are arranj 
to stand tjuite free, and may be enclosed in separate celleq 
which the adiiiisHion of hot ^an is regulated by dampers. 

The most advantageous position for the generator i 
central one with regard to the crucibles, which are arranged u 
circle ; and this furnace may be heated with the cheapest fi 
such as slack (coal) or lignite, the gases yielded by which j 
of high calorilic power, so that the fusion of very refract 
enamels is efl'ectud with ease 




Electric yMELTiNu. 
Nowadays the electric furnace furnishes much highjl 
temperatures than are attainable in any other kind, andl 
is therefore a point worth considering, whether the heat^ 
the electric arc cannot be utilised for the smelting of enai 
masses and other refractory glasses. This is undoubto 
within the bounds of possibility, all that is necessary i 
to bring the material under treatment under the influei 
the arc, in a suitable manner, for the mass to fuse instant^ 
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ously^ ^ whereupon it may be caught in a crucible. The latter 
shoivlci of course be kept hot enough in a suitable furnace 
to uxckintain the fused mass in a liquid condition. When full, 
the sxnelting is interrupted while the crucible is being emptied 
And r-eplaced, whereupon the circuit is again completed and the 
opftX'ation resumed. The most refractory potash-lime glasses 
<^i^ be fused in this manner with ease ; but whether the same 
process is suitable for lead glass requires to be determined 
experimentally, since in view of the powerful reducing action 
•^ "the electric arc it is possible that the lead oxide may be 
reduced, even in presence of silicia — the result being to modify 
^'^^ character of the glass produced. 



XIV. 



SMELTING THE CHAKGE. 



In this operation all the precautions imaginable must be 
taken to prevent loss through the breakage of the (anieibles, 
especially the first time they are used The following is the 
method pursued : — 

The crucibles, after being carefully examined, are bored 
with a conical steel bit, of sufficient breadth across the bottom 
to make an aperture large enough to allow the fused mass to 
run out. As the ground enamels are never so fluid as those 
intended for the covering layer, the holes in crucibles for 
fusing the former must be larger than the others, i.e.y about 
J inch in diameter, as compared with yV to ^ inch. 

The object of making the holes taper is to facilitate the 
removal of the plugs, with which they are closed while the 
mass is being fused. These plugs are preferably made of 
quartz meal, moistened with gum water so as to form a plastic, 
coherent mass which, under the heat of the furnace, sinters 
together and prevents the contents of the crucible from escaping 
until the plug has been displaced by the insertion of a pointed 
iron rod. When the crucible is to be charged anew a fresh 
plug must be made and put in, and with this object the neces- 
sary quantity of plastic material is fixed on the tip of an iron 
rod, by means of which it can be pressed into the plug hole, an 
iron disc faced with clay being provided on the rod to protect 
the operator's hand from the heat of the furnace. 

Unfortunately it often happens, particularly when the 
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plug is made rather too large, that the crucible cracks on 
coming into contact with the cold damp mass. To avoid this 
evil the author generally usee well-fitting plugs of wrought 
iron attached to wrought-iron rods, the lid of the crucible 
being then provided with a slit extending nearly to the centre 
— or, better still, divided in two pieces through the middle — 
to admit of the insertion of the rod. Fig. 13 shows the 
arrangement of a crucible titted with such an iron plug. 
To prevent any injurious results accruing from the presence 




of iron in contact with the enamel mass, this rod and plug are 
previously coated with an enamel of such refractory character 
that, though fusible at a very high temperature, it remains 
solid at the temperatures attained in smelting ordinary 
charges. 

If, when the plug is raised to allow the molten enamel to 
run out, it is lowered again before the crucible is quite empty, 
the aperture will be effectually sealed by the solidification of 
the residue on the introduction of the comparatively cool fresh 
charge of materials. Subse(|uently, when the contents again 
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reach a state of fusion, the plug is kept down in position by 
the weight of the charge. 

Another plan for keeping the plug rod upright is to bend 
it sideways and then upwards, passing the upper end through 
a hole in that half of the lid which is kept permanently on 
the crucible, the other half of the lid being taken off when the 
charge is to be renewed (see Fig. 13). 

The crucible being filled almost up to the brim with the 
charge of anhydrous materials, the lid is put on and the crucible 
set in the furnace, whereupon the latter is heated up gradually, 
by first throwing in a two-inch layer of glowing fuel on to 
the hearth, and then adding cold fuel until the crucible is 
entirely surrounded therewith. 

When the whole mass of fuel is in a glowing condition, 
more is added from time to time and the contents of the crucible 
are examined at intervals. However tightly the charge may 
have been packed at first, it settles down considerably in fusing, 
and then further quantities are added by degrees, until at 
last the crucible is full nearly to the brim with the molten 
enamel mass. 

To ascertain whether the contents are all liquefied, a hot 
iron rod coated with very refractory enamel is inserted in the 
crucible ; when it is found that the rod can be moved about 
freely without meeting with any appreciable resistance, it 
may be considered that the mass is properly smelted. 

With a little practice the operator will be able to judge, 
by time alone and without the aid of the test rod, whether 
the contents are fused ; nevertheless it is always advisable to 
use the rod before letting the charge run out, as it may happen, 
despite the care taken to ensure proper admixture of the 
materials, that some parts of the mass are more refractory 
than the rest, in which event the rod is the only reliable 
test. 

Before allowing the charge to escape, the furnace is fired 
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briskly for about ten minutes, in order that the great heat 
may render the mass extremely fluid, free from air bubbles, 
and able to run away with ease. 

Special precautions must be taken throughout the entire 
operation to protect the contents of the crucible from the 
action of the fiu'nace gases, and prevent access of particles 
of fuel. In the case of ground-enamels of common quality, 
less vigilance is required than when fine covering enamels 
are being fused, or when coloured masses containing easily 
reducible metallic oxides are in question. 

Thus, if, for example, a mass coloured green by cupric 
oxide were fused in an open crucible or one allowing particles 
of carbon to gain access to the contents, the inevitable result 
of this neglect of the requisite precautions would be the pro- 
duction of an enamel discoloured, or even red, in the upper layers, 
from the reduction of the cupric oxide to the cuprous condition. 
Consequently the crucible lids should be made to fit very close 
and must not be kept open any longer than is absolutely 
necessary ; furthermore, an addition of some oxidising agent — 
saltpetre or manganese dioxide (the latter in very small amount) 
— should, unless injurious in other respects, be made, in order to 
counteract the reducing influence of the furnace gases. 

Despite all precautions, it occasionally happens that some 
parts of the fused and re-solidified mass exhibit a brown or 
black streaky appearance, in which case these coloured portions 
should be picked out from the remainder, in order to prevent 
the whole being spoiled during re-melting. The discoloured 
pieces are set aside, and, when enough has been collected to 
fill a crucible, are fused over again with an addition of 5 per 
cent, of saltpetre. If the discoloration has been produced by 
carbon, the latter will be completely consumed by the oxygen 
liberated from the saltpetre, whilst if the result of ferrous 
oxide, the latter will be converted into the less powerful 
pigment, ferric oxide. 
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This latter oxide being, moreover, disseminated throughout 
the entire mass has only a very slight effect on the colour, and 
therefore does not spoil the enamel for use as a ground layer. 
It must nevertheless be borne in mind that the addition of 
saltpetre will result in a modification of the fusibility of the 
enamel, to correct which a corresponding amount of silica 
should be added before the mass is re-melted. By this artifice 
the original properties of the mass can be restored. 

In most works it is customary to fuse the mass for ground 
enamel only once, and let it run off into the water tubs under- 
neath, some makers waiting until the molten mass has so far 
loosened the silica plug at the bottom that the fluid begins to 
trickle through.. It is needless to say that this practice cannot 
be commended, as in many cases it leads to a great waste of 
time and heat merely for the purpose of loosening the plug, 
and therefore crucibles should be preferably fitted with the 
iron plugs already described. 

When fine cover enamel^ are in preparation, it is scarcely 
possible to finish them properly by a single smelting, since 
they generally appear full of small bubbles when only once 
fused, and consequently require melting a second (sometimes 
even a third) time. However, by increasing the heat as much 
as possible after the mass has become liquid in the second 
fusing, it will generally be found that this treatment suflBces 
to furnish a product free from bubbles, the mass being thereby 
rendered thin enough to allow the bubbles to ascend and 
dissipate. 

Quenching the fused mass in cold water makes it brittle 
and easily reduced to powder by stamping and grinding. The 
usual course is to allow the quenched material to accumulate 
for a certain time, then dry carefully, weigh, and send to the 
stamping mill, after which it is ground and weighed again, the 
frequent weighings being for the purpose of estimating the 
percentage of unpreventible waste, which occurs during the 
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liandling of the material and differs according to the nature of 
same. 

Grinding is invariably effected with the assistance of pure 
water, the usual quantity employed being three times the 
weight of the dry matter treated. The operation necessitates 
the greatest care, and the product must be as fine as flour, 
since each coarse granule will cause a defective spot when the 
mass is used for enamelling. 

Even in the case of technical enamels great care must be 
taken in the grinding, since granular fragments will cause the 
enamel to blister when put on the ware, and leave a bare sur- 
face of metal exposed to the injurious action of corrosive 
liquids ; and although these defective places can be made 
good, the operation is troublesome, and prevention, by properly 
grinding the enamel, is better than cure. 



XV. 



COMPOSITION OF ENAMEL MASSES. 

It has already been stated in previous sections that enamels 
are nothing more than glasses, coloured or rendered opaque by 
means of certain added substances. 

As enamels are used for highly divergent purposes it be- 
comes very important to moditiy their composition in such a 
manner as to best fit them for the particular object for which 
they are destined. Enamels intended solely for artistic 
embellishment must, above everything, exhibit beauty of 
colour and high lustre, resistance to chemical influences being 
in this case a minor consideration ; whereas the main point in 
technical enamels is a suitable composition to enable them to 
effectually withstand chemicals and changes of temperature. 

Consequently the composition of enamel masses has to be 
regarded from very different points of view, according as the 
products are intended for technical or artistic purposes ; and 
the first question to consider is, by what means the fusibility 
of the mass can be modified so as to be rendered more refrac- 
tory or more fusible according to the requirements of the 
case. 

It may be laid down as an axiom in this connection that : 
the higher the proportion of silica in relation to the other consti- 
tuents, the more refractory will the product be, and therefore the 
greater its hardness and powers of resistance against chemical 
agencies. Consequently, if it were possible to fuse silica by 
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itself, a glaze of pure silica would form an i<leal enamel for 
technical purposes. This being, however, impossible, the silica 
has to be mixed with basic substances in order to obtain a 
fusible mass. 

The most refractory and durable enamels are furnished by 
masses consisting entirely of potash and lime, in addition to 
silica, since such masses are really nothing more or less than 
very refractory glass. As it is the object of every enamel- 
maker to produce a constantly uniform article, manufacturers 
are strongly recommended, in their own interest, to compound 
small quantities of these materials in various proportions, and 
thus ascertain by trial smeltings how tliese mixtures behave 
and which is the most suitable for any given purpose. 

Masses for ground enamels are mostly composed solely of 
silica, borax and felspar, their fusibility increasing in propor- 
tion to the $tmount of the two last named ; and it is possible, 
by varying the quantity of borax, to adjust the fusibility of 
the mass within a comparatively wide range. 

To decrease the fusibility of any mass, the fused materials 
are ground and mixed with a known (juantity of finely 
levigated clay, the amount of this constituent being so large 
that the powdered mass, when applied to the surface to be 
eoamelled, can only be made to sinter or frit, without actually 
fusing. Ground silica or felspar may be used in place of 
clay, but in such event the mass will be transparent instead 
of opaque, both these bodies consisting of small particles of 
transparent material. 

To render a mass more fusible it is either mixed with lead 
oxide or a large proportion of borax is taken, this modification 
being of course made when compounding the mass from the 
raw materials. 

When the enamels are to be coloured, the ad<lition of lead 
oxide must be made with great care, because many pigments 
will not develop their colour in presence of this substance. In 
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such event it is easy to increase the fusibilitj' of the product 
by the aid of borax. 

The effect of magnesia is to render the enkmel more readily 
distributable over the surface to which it is applied, and the 
use of this substance is therefore particularly advisable when 
preparing enamels desired to distribute uniformly on small 
articles. 

A very important point in the preparation of all enamels 
is the so-called decoloration by means of oxidising bodies, 
added in order to convert ferrous oxide into ferric oxide, and 
thereby diminish the pigmentary power exerted by the 
former. It is evident that the sole object accomplished by 
this treatment is the production of enamels with a yellow 
tinge, but not perfectly colourless, the sole means of effecting 
this latter desideratum being the use of perfectly pure, and 
therefore costly, raw materials. 

There is, however, a simple means whereby enamel masses 
from somewhat impure materials can be obtained of a fine 
white colour, and this is by the addition of very small quanti- 
ties of fine smalt to the mass. Like all cobalt preparations, 
smalt is capable of imparting a deep blue colour to glass, but 
the shade in this case is complementary to the yellow tinge 
produced by ferric oxide, and therefore the one counteracts 
the other, the result being to leave the enamel quite white. 

Of course this mutual destruction of colour only occurs 
when the right proportion of the two pigmentary bodies is hit 
upon ; for if an insufficient amount of smalt be taken, the 
yellow from the iron is only weakened and still remains 
apparent, whilst an excess of smalt imparts a bluish (milk- 
white) tinge to the mass. 

The expense of decolorising enamels in this way is a 
negligible factor — a minute quantity of smalt sufficing for a 
large batch of enamel mass. All that is necessary is to 
accurately determine, by several tentative experiments, how 
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much smalt is actually required to produce the desired effect. 
The colour of the cobalt pigments being unaffected by tem- 
perature, decolorising by smalt can be practised with the 
most refractory enamels, and is an operation that should 
never be omitted, beauty of appearance increasing the com- 
mercial value even of enamels for purely technical purposes. 



XVI. 
COMPOSITION OF MASSES FOR GROUND ENAMELS. 

The ground enamels are those intended for direct application 
to metallic surfaces and, when applied and heated, must as- 
sume a state of semi -fusion (frit), so as to form a backing or 
foundation for the cover enamel. 

The following recipes may be advantageously followed in 
preparing such ground enamel : — 

Very Refractory Growid Enamel Mass No. 1. 

Fused ) Quenched and ground flint . . . . 30 parts, 
together / Borax * 20 „ 

To the fused mass is added, during grinding, about 25 to 40 
per cent, of flint meal a-nd an equal quantity of white clay, 
the fusibility varying in indirect proportion to the content 
of the material in these two substances. Ground felspar may 
be employed to replace the added flint meal. 

Very Refractory Mass No, 2. 

Flint meal 30 parts. 

Borax 16'6 „ 

White lead 3-5 „ 

fused and ground along with — 

Flint meal 25 to 40 parts. 

Clay 20 to 26 „ 

Magnesia 5 to 6 „ 

* Crystallised borax containing 47*1 per cent, of water. When dehydrated 
borax is used, the quantity must be corresppndingly reduced. 



COMPOSITION OF MASSES FOR GROUND ENAMELS. 123 

Owing to the presence of magnesia this mass is more 
^fractory than No. 1, but is superior to the latter in many 
vays, being much easier to apply, and adhering strongly 
o the superior-imposed cover enamel. 

Refractory Mass No. 1. 

Flint meal . . 50 parts. 

Borax 30 „ 

used together and ground along with — 

SUica 13 „ 

Clay 13 „ 

Befractory Mass No. 2. 

Flint meal 60 parts. 

Borax 30 „ 

used together and ground with — 

Silica 15 ,, 

Clay 13 „ 

Magnesia 1 part. 

Fusible Mass No. 1. 

Flint meal 30 parts. 

Borax 25 „ 

Felspar 30 



i» 



used together and ground with — 

Clay 10-76 „ 

Felspar 6*00 „ 

Magnesia 1*25 „ 

Fusible Mass No. 2. 

Flint meal 30 parts. 

Borax 18 „ 

White Lead 3 „ 

used together and ground with — 

Flint meal 9-5 „ 

Clay 8-26 „ 

Chalk 200 „ 

Magnesia 0*90 „ 



»» 

»» 
»» 



»» 
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Felspar- Lead-Oxide Mass of Medium Fusibility. 

Flint meal 30 parts. 

Felspar '30 

Soda* 12 

White Lead 3 

Borax 15 

fused together and ground with — 

Felspar 6*25 

Clay 11-75 

Magnesia 0*75 

Ground Mass for Iron Utensils, No, 1. 

Flint meal 30 parts. 

Borax 16*5 „ 

White lead 3-0 „ 

fused together and ground with — 

Flint meal 9 

Clay 8-6 

Magnesia 0*5 

Groaind Mass for Iivn Utensils, No. 2. 

Flint meal 30 parts. 

Felspar 30 

Borax 25 






•> 
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fused together and ground with — 

Clay 10-75 

Felspar 6 

Magnesia 1*75 






Ground Mass with Magnesium Sulphate, No. 1 (for Iro\ 

Utensils). 

Flint meal 20 parts. 

Borax 9 ,, 

Potash 1 part. 

Magnesia 6 parts. 

Magnesium sulphate 2 ,, 

fused together and ground with — 

Clay 2 „ 

* Anhydrous soda. 
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^'f^ound Mass with Magnesium Sulphate, No. 2 {for Iron Utensils) . 

Flint meal 30 parts. 

Borax 10 „ 

Magnesia 4 

Magnesium sulphate 2*25 

Soda 1-76 

fused together and ground with — 



>» 



»» 



>) 



Flint meal 



i» 



18 per cent, of weight of mass taken. 
18 
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The foregoing recipes are used in the largest works and 
suflSce perfectly for all purposes in the enamelling of cooking 
utensils, boiler tubes, etc. In order, however, to afford makers 
a means of rectifying certain imperfections manifested by 
enamels a brief notice of these and their remedies will now 
be given. 

1. Ground mass readily chips off from the foundation. 
Remedy : Add magnesium sulphate. 

2. Mass diflScult to distribute on the metal and holds 
badly. Bemedy : Add a little magnesia, excess being avoided 
as it makes the enamel too refractory. 

3. Mass too hard. Bemedy : Add a little lead oxide or 
potash; or, better still, both. 

4. Mass too fusible. Bemedy : Increase proportion of clay 
and flint meal when grinding the fused mass. 

Percentage Composition of Certain Ground Masses, 
(Analysed by Vogelsang.) 



No. 


CO 


• 
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Potash or 
Soda. 


X 

O 


• 


• 

•s 

0) 
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Magnesium 
sulphate. 


• 
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66-01 


14-58 




4-18 


14-47 


0-75 
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68-62 


17-27 






11-11 


— 


— 
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68-61 


16-72 






13-70 


1-07 
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59-66 


14-61 


4-75 




1900 


1-43 




0-55 


5 


6402 


16-40 




405 


13-45 


1-30 




1-78 


6 


56-87 


8-30 


11-96 


2-62 


1900 


0-78 




0-47 


7 


57-55 


13-65 


2-90 




5-75 


17-25 


2-90 




8 


66-66 


9-50 


1-79 




12-90 


7-17 


1-98 




Average 


68-49 


18-75 


2-67 


1-86 


1405 


3-72 


0-61 


0-35 
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Hence we see that the proportions of the true glass-forming 
components (silica, borax, alkalies, lead oxide and lime) vary 
only between narrow limits, whereas the substances acting as 
covering material, e.g., clay and magnesia, may fluctuate 
considerably. 

When one has selected a certain ground enamel mass, 
the same should be adhered to and adapted, on the results of 
experiment, so as to meet the end in view. This course is 
better than continually flying from one mass to another, 
which involves a greater waste of time and labour than are 
consumed in working on and modifying a single ground mass 
until it acquires the properties desired. 



XVII. 
COMPOSITION OF COVER ENAMELS. 

Chemically speaking, cover enamels are glasses made trans- 
lucent or even quite opaque by the addition of tin oxide or 
other white opaque bodies. Since a principal requirement 
exacted of these enamels is that they must be readily fusible 
and distribute uniformly over the ground enamel when melted, 
the composition must be regulated so as to enable these con- 
ditions to be fulfilled. 

For special reasons it is, however, important to keep their 
fluidity within certain bounds, since if a cover enamel be 
fused in a crucible, and, after continued heating, left to re-cool, 
a peculiar result will be noticeable, mz. : that while the mass 
at the bottom of the crucible is still pure white the intensity 
of the colour diminishes towards the top, the upper layers 
having the appearance of faintly turbid glass and being un- 
suitable for use as enamel. 

The cause of this is not far to seek, being due to the high 
specific gravity of the tin oxide, which therefore settles down 
to the bottom of the liquid mass and leaves the upper portion 
almost free. Consequently, if the enamel is too fluid, it will 
not yield a homogeneous product, whether the opaque material 
employed be tin oxide or the cheaper lead oxide often used 
in place of the former. 

In this connection bone ash acts in a very favourable 
manner, as, by reason of its low specific gravity, it does not 
settle down even in extremely fluid enamels, and is also cheap. 
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Only, when bone ash is used, it becomes necessary, in order to 
obtain a pure white enamel, to add to the mass a little saltpetre 
for the purpose of oxidising the carbon present, which is the 
case of the grey colour of the ash. Lead oxide for producing 
opacity in enamels is rightly going more and more out of use, 
for though, when added to the fused and re-ground mass for 
fusible cover enamels, lead oxide can by careful firing be pre- 
served in an unfused and uncombined condition and therefore 
causes the mass to appear white, the colour is always tinged 
with yellow from the oxide and is never pure white unless 
an addition of smalt be made, which greatly contributes to 
the compensation of the colour. Moreover, the use of lead 
is inadvisable in enamels for technical purposes, the main 
object in which case is to obtain a product capable of with- 
standing chemicals, whereas a simple experiment will show 
how easily enamels containing lead oxide can be corroded by 
such agencies. 

Thus if an egg be beaten up in a vessel lined with a cover 
enamel containing lead oxide, and left to stand in it for a 
day, a brownish-black stain of lead sulphide will be found at 
the place where the egg has come into contact with the 
enamel, the small quantity of sulphuretted hydrogen liberated 
from the egg being capable of modifying the lead oxide in the 
manner described. Again, when weak vinegar is boiled in 
a similarly enamelled vessel for a short time, the enamel will 
lose its lustre and become rough, while an appreciable amount 
of lead will be detected in solution in the vinegar. 

Consequently, as lead is a very poisonous metal, buyers of 
enamelled utensils are perfectly justified in refusing ware 
coated with lead oxide enamels. Less objection applies to the 
presence of lead silicate as a constituent of the vitreous matter 
of the cover enamel, lead oxide being less readily dissolved 
out of this combination. 

It must therefore be regarded as a welcome advance in the 
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enamel industry that makers are for the most part discarding 
the use of lead oxide both for ground and cover enamels. The 
ware, though perhaps less handsome in appearance, is more 
indifferent to the action of chemicals, and even weak acids 
can be boiled in vessels coated with leadless enamels without 
effecting much corrosion. 

With regard to the smelting of the mass for cover enamel, 
this has been suflSciently discussed when dealing of the same 
operation in connection with ground enamel, the only differ- 
ence being that the former require to be re-melted more often 
in order to get rid of all air bubbles. The rules already given 
for correcting defects also apply in the case of cover enamels, 
and may be amplified by the following : — 

If the mass when solidified is not pure white but looks 
turbid and milky, whilst it is so far transparent that black 
pencil lines can be seen as grey streaks when viewed through 
a thin layer of the enamel, the content of covering material is 
insuflScient and a small quantity of tin oxide or bone ash 
must be added to the pulverised mass before re-melting. 

When the enamel is deficient in lustre it may be rectified 
by substituting soda for part of the borax. 

If the enamel "crazes," or becomes intersected with in- 
numerable fine cracks shortly after firing on the metal, it 
evidently contracts too much on cooling. Bemedy : Increase 
the proportion of ammonium carbonate. The reason why this 
very volatile salt influences the durability of enamel is 
unknown. It is, however, certain that it prevents crazing, 
and, consequently, ammonium carbonate is a substance em- 
ployed in all enamel works. 

Should the cover enamel fail to adhere properly to the 
ground layer an addition of magnesium sulphate will afford 
a remedy. 

Excessive fluidity, and the consequent insufficient cohesion 

of the mass, can be corrected by the aid of magnesia. 

9 
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The recipes for cover enamels are far more numerous than 
those for ground masses. The manner in which the formulas 
should be modified depends in either caae on the purpose for 
which the product is intended. 

Recipes for Cover Enamels. 

The recipes given below have proved thoroughly reliable 
in practice. 

headless Cover Enamel for Cooking Utensils, 

Flint raeal 37*6 parts. 

Borax 27*5 „ 

Tin oxide .30 

Soda . 15 „ 

Saltpetre 10 „ 

Ammonium carbonate 7*6 „ 

Magnesia 7 „ 

fused together and ground with — 

Flint meal 6*12 „ 

Tin oxide 3-66 „ 

Soda 0-70 „ 

Magnesia . 0*70 „ 

In nearly all enamel works it is customary to store the 
mass, when ground, in a moist state, in suitable drums or casks 
with close-fitting lids. 

Plwnbiferous Cover Enamel No, 1. 

Silica 76 parts. 

Borax 48 „ 

Tin oxide , , 50 ,, 

White lead 30 „ 

Soda 22-5 „ 

Saltpetre 20 

Ammonium carbonate 15 „ 

Magnesia 10 „ 

fused together and ground with — 

Flint meal 12*6 „ 
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PlumMferous Cover Enamel No. 2. 

Flint meal 88 

Borax 50 

Tin oxide 65 

White lead 

Soda 

Ammonium carbonate 

Saltpetre 

Magnesia 



parts. 



15 

25 

15 

22-5 

12-5 



fused together and ground with 12 to 20 parts of flint meal 
according to the degree of fusibility required. 

Felspar Cover Masses. 







I. 


II. 


III. 


IV. 


V. 


VI. 


VII. 


VIII 


Felspar 


• • • 


40 


27 


40 


30 


20 


30 


37-5 


40 


Borax 


. • . 


. 34 


28 


28 


20 


26 


35 


40 


35 


Tin oxide . 


^ 


15 


20 


8 


14 


13 


20 


25 


26 


Saltpetre . 


• • fl 


6 




1.5 


6 


1-5 


14 


15 


8 


Ammonium carbonate 




3 






— 




— 


— 


Magnesium sulphate 




6 














Magnesia . 


• • 




8 




5 




7-5 


7-5 


5 


Clay . 


• • 




2 


— 






5 


10 


— 


Soda . 


• • 






10 


7 


12 


18 


20 


13 


Flint meal 


• • 




10 






15 


10 


25 





The foregoing felspathic cover enamels exhibit the advan- 
tage of being free from any insalubrious materials and of 
being ready for use, without any further addition when 
ground. Should any of them prove too refractory, this defect 
can easily be remedied by adding a little borax in the grinding. 
When any other inconvenience is experienced the means 
already specified will be found suitable to correct the pro- 
perties of the mass in the direction desired. 

Cover Masses containing Glass and Porcelain. 

Formerly little disposition was evinced in the direction of 
using ground porcelain or glass in compounding cover enamels, 
the products usually being insufficiently adherent or "too 
poor". However, since the discovery that the properties of 
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enamel could be modified by adding other materials in grind- 
ing or re-melting the mass, glass and porcelain have attained 
considerable value as adjuncts, porcelain, in particular, being 
highly prized on account of its resistance to chemical agencies. 
A few recipes for masses containing ground porcelain and 
glass are given below. 

Cover Masses containiny Glass or Porcelain, 

I. 

Flint meal 25 parts. 

Porcelain 25 „ 

Borax 25 „ 

Tin oxide 20 „ 

White lead 20 „ 

Soda 15 „ 

Saltpetre 11 „ 

Ammonium carbonate 7*5 „ 

Magnesia . 6 „ 

ground with— 

Flint meal 6 „ 

Tin oxide 3-75 „ 

Soda 0-75 „ 

Magnesia 0*80 „ 

If the mass appears too opalescent (translucent) add 10 
to 15 parts of tin oxide. 

II. 

Silica 20 parts. 

Powdered glass 20 „ 

Borax 24 „ 

Tin oxide 16 „ 

White lead 3 „ 

Soda 10 „ 

Saltpetre 2 ,, 

Magnesia 3 »» 

Flint meal . . 6 „ 

ground with — 

Tin oxide 4 „ 

Soda In 

Magnesia I »» 



COMPOSITION OF COVER ENAMELS. 133 

Other recipes, with a variety of combinations, are known, 
a few of which, furnishing really good results, are subjoined : — 

III. IV. v.* VI.* vn 

Flint Meal 20 26 18 22 20 

Glass 20 26 18 22 20 

Porcelain — — — — — 

Borax 22*5 40 26 30-6 26 

Tin oxide 20 29 19*5 22 20 

Soda 5 _ -_ 3-52 

Potash — — 0-6 — — 

White lead ___ __ 

Saltpetre 10 145 9 10 5 10 

Chalk ______ 5 

Leaid oxide 6 — — — — 

Magnesia 5 7*5 5*5 5 5 

Clay — 4 2-5 — — 

The following additions are made in grinding : — 



To 


III. 


IV. 




V. 


and VI. 


VII. 


Flint Meal . 


. 16 per cent.f 


18 per 


cent. 


1-8 


per 


cent. 


3*5 parts. 


Borax . 


y ,, 


9 


i> 


— 






3-5 „ 


Magnesia . 


5 ,, 


5-25 


>» 


1-8 




>» 


0-8 „ 


Boric acid . 


» 


1-5 


>» 










Soda . 








1-0 




>» 


0-8 „ 


Porcelain . 


> 












3-6 „ 



25 










25 


11 


10-5 








11 


9 


37-5 


37-5 


34 


18 


13-5 


20-5 


22-5 


25 


12 


9 


20 


22-5 


4 






7-5 


10 



vni. IX. X. XL XII. xni. 

Flint meal 25 

Glass 25 

Porcelain — 

Borax 33*5 

Tin oxide 20-25 

Soda 2-5 

Potash — — — — — — 

White lead — — — — - — 

Saltpetre 12-5 125 8 4-5 7.5 10 

Chalk 6-25 6*25 _ _ _ — 

Lead oxide ..... — — — - — — — 

Magnesium sulphate ... — — — 1*5 5 16 

Magnesia 625 6-25 4 3 125 12-6 

Clay — — ____ 

Ammonium carbonate. . . — — — 1*5 — 5 

* These are particularly suitable for enamelling cooking utensils, 
t Per 100 parts of fused mass taken. 



XT. 


XII. 


XIII 


30 


34 


13-5 


4-5 








5 

4 
17-5 


3 


10 


9-7i 
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Additions on grinding : — 

To VIIL IX. X. 

Flint meal 45 10 38 

Porcelain 45 10 — 

Borax 4-6 1075 — 

Soda 0-9 — — 

Magnesia 2'5 3*5 4 

Ammonium carbonate ... — 1 — 

Tin oxide — — — 

The foregoing recipes will suflSce for every possible case. 
To modify any current formula for a special purpose is in 
most cases merely a matter of changing the proportions of 
one or other of the ingredients, bearing in mind the following 
considerations : — 

1. Reducing the amount of borax decreases the fusibility 
of the enamel and vice versa, 

2. Increasing the proportion of borax lowers the power of 
resisting corrosion. 

8. An addition to the percentage of tin oxide increases 
the opacity and whiteness of the mass, but diminishes its 
durability. 

4. The use of lead oxide greatly increases the corrosibility 
of the enamel, and for this reason plumbiferous enamels should 
never be employed for cooking utensils. 

5. White lead or potash softens the mass, whilst soda 
heightens its lustre. 

The most important technical use for enamels is for the 
coating of cooking utensils and boiler tubes; in both cases 
less stress is laid on refractory character than on hardness — 
and, for cooking utensils, lustre. Consequently, large addi- 
tions of lead preparations are generally avoided, nor is a 
certain limit exceeded for tin oxide, even though the colour 
comes out somewhat translucent instead of pure white like 
porcelain. 

Although bone ^sh is procurable at very low rates this 
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material does not, as yet, occupy the position it deserves in 
the enamel industry — the chief reason for which is apparently 
that, even when used in large quantity, it never produces so 
w^hite an enamel as tin oxide, the colour having always a 
bluish-grey tinge. 







XVIII. 
PREPARING THE ARTICLES FOR ENAMELLING. 

Enamelled articles for technical purposes consist either of 
iron ware (cast or wrought iron) or, less frequently, of copper 
or brass utensils ; and in order to enable the ground enamel to 
adhere to the metal and prevent it chipping off, the latter 
has to be prepared beforehand by a special treatment. 

This is a very important matter, since if the operation is 
not carefully performed, even the best-made enamel may 
chip off in a very short time. Copper articles are much easier 
to prepare than those made of iron, and it is never necessary 
for the first-named metal to be made perfectly bright by 
dipping in a pickling bath (dilute acid), since the enamel can 
be applied direct, provided the articles are not greasy on the 
surface. 

The peculiar brownish-red colour generally exhibited by 
copper ware is due to a thin layer of cuprous oxide, and 
when enamel is fused on such a surface it adheres strongly 
there on cooling. This is owing to the behaviour of the acid 
substances (boric acid and silica) in the enamel mass, these 
being in sufficient quantity to combine with a certain amount 
of oxides on fusing ; so that when enamel is melted on an 
uncleaned surface of copper the cuprous oxide is dissolved by 
the mass, which then adheres firmly to the metal. 

If a piece of copper, covered, for instance, with white 
enamel, be examined by scraping off the enamel layer, it will 
be found that the stratum nearest the metal is of a greenish 
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•or reddish colour, due to the dissolving of the layer of oxide 
at the surface of the metal. If this oxide layer contained 
much cupric oxide, the adjacent enamel will appear bluish- 
green, whilst if chiefly cuprous oxide the colour will be of a 
reddish cast. In order to obtain a pure white coating of 
enamel under these circumstances, the cover enamel must 
contain sufficient tin oxide to completely mask the ground 
layer ; otherwise the colour of the latter will show through 
and affect the shade of the superior layer. Thus, copper can 
be enamelled without having been pickled, provided the 
expense of preparing such a cover enamel is not considered 
too high. 

The conditions are, however, totally different when the 
enamelling of iron is in question, since that metal is never 
chemically pure but is always combined with other substances. 
For instance, cast iron may be regarded as iron containing 
variable quantities of iron carbide, iron silicate, etc., in solu- 
tion, and also embedded crystals of carbon (graphite). In cast 
iron also the outer layer or ** casting skin " must be dis- 
tinguished from the inner substance of the metal, exhibiting 
the above-named character. This outer skin consists of ferric 
oxide, and of particles of carbon derived from the mould in 
which the metal was cast — these moulds being dusted over 
inside with charcoal powder, before use. Small crystals of 
graphite also separate out in the external layer of the iron 
during cooling. 

Experience shows that only certain kinds of iron can be 
enamelled with ease, this property depending on the method 
pursued in making the cast iron. For example, iron that is 
drawn off from the blast furnace whilst still in an extremely 
hot (molten) condition, cools rapidly in the moulds and then 
forms the so-called " white " iron, which is distinguished by 
its steel-grey colour, great hardness, and by containing, in a 
very finely-divided state, all the carbon originally dissolved in 
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the metal. On iron of this kind enamels hold with^ great 
tenacity, and therefore it was formerly the practice to select 
articles made from this iron, or at least exhibiting a ** white 
iron " surface, for enamelling. . 

If, on the other hand, the iron is not particularly hot 
when it leaves the blast furnace, and is cooled down gradually 
in the moulds, a considerable portion of the dissolved carbon 
crystallises out on the surface in the form of graphite, and 
such ** grey " iron is difficult to enamel. 

Certain objections, however, exist against the use of white 
iron for utensils, chiefly on account of the extreme hardness 
and brittleness of this form of the metal, in consequence 
of which they are very easily cracked or broken under the 
influence of shock. It therefore becomes necessary to make 
such utensils of iron that exhibits intermediate properties 
between the white and grey kinds, an object attainable by 
special precautions during casting, the iron being run, at a 
moderate heat, into perfectly cold moulds, the effect of which 
is to cool the surface of the metal very quickly so that this 
layer assumes the form of ** white " iron, whilst the internal 
mass cools down more gradually into the condition of ** grey " 
iron. 

The difference may be noticed on examining under a 
magnifying glass a broken piece of some utensil that has 
been produced by casting in the above-named manner. 

Experience has shown that iron produced by smelting with 
coke is less suitable for enamelling than when wood charcoal 
has been used. In view of the importance of this matter the 
manufacturer of enamelled iron ware should therefore always 
endeavour to procure the utensils he has to enamel from iron- 
founders who employ iron possessing the above-mentioned 
qualities. 

Apart from the properties of the iron used, the mode of 
casting the ware is also of importance. The walls of the 
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.utensils should be thin and of as uniform thickness as is 
possible; and the ware should be carefully cKamined, all 
pieces exhibiting air bubbles, pittings, flaws, etc., being rejected 
as unsuitable. 

Before commencing to enamel the goods they must be 
subjected to a course of mechanical preparation, all project 
tions (from the joints of the moulds, etc.) being removed by 
means of a sharp file so as to leave a perfectly smooth and 
uniform surface. 

Cleaning the Surface of the Ware. 

Articles with a surface of white iron can be enamelled at 
once after the foregoing mechanical preparation — all that is 
necessary being to scour the surface of jbhe metal over with 
sharp sandstone or pumice until perfectly bright. If not 
enamelled immediately, they must be stored away from 
contact with dust or moisture; but as iron of such perfect 
quality is rarely encountered, and as all other kinds require 
chemical treatment before they are fit for the enameller, it is 
usual to make no exception and to treat all articles in the 
same way, viz., by pickling. 

Pickling. 

This operation consists in dipping the goods in a liquid 
capable of dissolving away any superficial layer of oxide and 
leaving a perfectly bright surface of metal. 

At present the older forms of pickling material (vinegar, 
steeped barley grits, etc.) are very rarely employed, having 
been almost entirely superseded by sulphuric acid. As 
already mentioned, the usual strength of acid pickle is 1 part 
of commercial sulphuric acid to 20 to 22 parts of water, the 
time of immersion depending on the strength of pickle 
adopted. Thus, if the exposure is not to be more than ten or 
twelve hours, a stronger, moderately concentrated, acid must 
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be used, but for slower working a weaker pickle is employed 
As a rule the ware should not remain longer than twenty-four 
hours in pickle. 

When the pickling liquor has been for a long time in use 
and h/is taken up a relatively large amount of iron into 
solution, the result of leaving the goods too long in the bath 
is that the liquor forms, in presence of the iron, certain in- 
soluble basic salts which adhere firmly, as a soft powder, 
to the metal and defeat the object of the process. Such 
** over-pickled " goods must be scoured again with sharp sand 
and pickled afresh. 

The pickling vats are generally made of hard wood, but 
as they are soon corroded and spoiled by the acid it becomes 
advisible to varnish them over inside and thereby protect the 
wood from contact with the acid liquor. 

The higher the temperature of the pickle the more rapid 
its action ; consequently the water used is generally warmed 
to 30° to 40° C, and the pickling room, is kept warm to 
prevent the temperature of the liquor from falling. The 
scouring room for cleaning the pickled ware should be 
situated next the pickling room and should contain a rinsing 
vessel and a boiler, so as to provide a constant supply of hot 
water. 

When sufficiently pickled, the utensils are taken out of the 
bath, rinsed in cold water and turned over to the scourer, who 
scrubs them over with fine sharp sand (preferably quartz 
sand) until the surface to be enamelled is perfectly bright. In 
large works, simple mechanical appliances which perform the 
bulk of the work of scouring, in a very short time, may be 
advantageously resorted to, the final stages being always done 
by hand labour. The next step is to rinse the goods, in order 
to remove every particle of adherent sand, after which they 
are dried in a special manner, namely, by dipping them in 
hot water for a few seconds and then exposing them to the 
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air, whereupon the thin stratum of (nearly boiling) water is 
immediately evaporated by the heat of the metal. 

When dry, the goods are quite ready for enamelling, and 
should, preferably, be handed over at once to the workman 
entrusted with that task. If this is inconvenient they must 
be stored out of contact with dust. Attempts have been made 
to store the pickled and rinsed ware under water, but when 
well water is used it is found that the bright surface very soon 
tarnishes and becomes covered with a yellow sediment. This 
is due to the presence, in well water, of carbon dioxide, which 
corrodes iron ; the free oxygen, also invariably present, con- 
verts the dissolved ferrous oxide into ferric oxide, which is 
thereupon deposited as firmly adherent rust — very difficult to 
remove. 

The best plan to adopt in all instances is to arrange the 
various operations in the works, so that the goods when 
pickled and dried can be immediately handed over to 
the enamellers. 



XIX. 



APPLYING THE ENAMEL. 



The work of enamelling is always divided into four opera- 
tions, namely, applying the two coatings of (ground and cover) 
enamel, and firing the same. In themselves these tasks are 
all very simple and apparently easy to carry out. In reality, 
however, their performance requires the aid of skilled and 
experienced workmen ; otherwise a large percentage of de- 
fective pieces will be produced — difficult, under the most 
favourable circumstances, to work up afterwards into ware 
of good appearance. 

Applying the Ground Enamel. 

The masses for ground enamel are generally stored damp, 
when ground, and in this condition usually have the consist- 
ency of thick honey or sometimes that of soft cheese. 

To impart the necessary fluidity to the mass a portion is 
taken up in a ladle 'of enamelled iron, out of the storage 
vessel, and poured into a pan where it is reduced, by the 
addition of water, to a thick cream, which must be stirred 
until perfectly homogeneous and free from lumps or excessive 
thinness in places. The best way to attain this end is by 
adding the water in small quantities and stirring it in con- 
tinuously. 

The ware to be enamelled is heated in a drying oven to 
about 40° C, so that the pieces can still be handled without 
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inconvenience ; this warming-up is necessary to facilitate the 
adhesion of the enamel mass. 

The enamel is applied in the following simple manner: 
The workman takes the warmed utensil from the oven and 
lays it on an adjacent table ; he then stirs the enamel mass 
up well, dips a stiff brush into it, and, by means of a ladle, 
takes out of the pan and pours into the utensil as much of the 
dilute mass as he thinks will about suffice to form a coating. 
By means of the brush this is then distributed over the inner 
surface of the article, uniformity of distribution being facili- 
tated by tapping the piece with a wooden mallet. Finally 
the piece is laid, mouth downwards, on a couple of horizontal 
supports, placed over the enamel pan or over another vessel to 
catch the drippings, or excess of enamel. 

Highly-skilled enamellers dispense with this last operation 
altogether, long practice enabling them to judge precisely the 
quantity of mass required to coat a utensil of given size, so 
that no excess remains to be drained off. 

When drained, the piece is set on the table and the 
enamel carefully wiped away from all parts that are not 
intended to be coated ; after which it is immediately trans- 
ferred to the drying room. 

The drying arrangements in enamel works are generally 
very defective, but little of the heat from the drying ovens 
being utilised. A very useful plan is to fit up the drying 
room with racks, which can be raised by degrees nearly up 
to the ceiling — the freshly enamelled pieces being placed on 
the rack in its lowest position, and afterwards gradually lifted 
to enable the ware to dry rapidly and equally. Only when it 
is certain that the mass is perfectly dry is the rack transferred 
to the drying oven, which is heated to nearly red heat in order 
to expel the final traces of moisture from the mass. 

Uniformity in drying is of special moment in ensuring the 
success of the entire operation, since if the ware is put in a 
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hot place before being perfectly dry, the enamel easily separates, 
from the metal, and the ware will need re-touching to produce 
a proper coating. 

Only after the ware has stood for some time on the nearly 
red-hot plate of the drying oven will the powder have become 
so adherent to the metal as to require the exertion of some 
force to scrape it off by means of the finger nail ; and when 
this stage is reached the ware is ready to be fired. 



XX. 



FIRING THE GROUND ENAMEL. 

Firing consists in heating the coated ware sufficiently to 
produce incipient fusion of the granules of the enamel mass, 
without, however, causing them to run together into a per- 
fectly uniform mass ; so that the process is really more one of 
sintering than true fusion. 

The ground mass may be fired on to the ware by suspend- 
ing the latter over a bright fire of wood, charcoal or coke, 
until the necessary degree of heat is attained. These fuels 
are, however, attended with the disadvantage of giving off 
particles of flying ash, which are carried along by the gases, 
the reducing action of the gas also corroding the enamel mass. 
Consequently, to obviate these inconveniences, the firing of 
the ware is always performed in muffle furnaces. 

The Muffle Furnace. 

The construction of these furnaces is very simple. They 
consist of an ordinary furnace fitted with prismatic vessels 
(muffles) of fireclay, which are enveloped by the flame ; the 
furnace itself is connected to a chimney able to produce 
a strong draught, and is capable of furnishing very high 
temperatures. 

The usual method of regulating the fire in these muffle 

furnaces is such that the front surface of the muffle is heated 

less strongly than the back, the latter being brought to a 

strong red heat, whereby the enamelled ware can be exposed 

10 
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to a higher of lower temperature at will. A muffle of the 
usual type met with in enamel works is Hhown in Fig. 14. 

Here is the furnace. M the muffle, R the lieartb, A the 
ash-pit, B the stoking hole for inti-oduoing the fuel anj P the 
plate for ehargiug and emptying the muffles. 

It will be easily understood tliat muffles of different a 
will be required in enamelling works. Nevertheless, it i 
■deairable, in order to prevent unnecessary consumption < 
iuel, to use muffles only just large enough to contain the wai 




to be tired. To prevent undue cooling <)f the hot air in the] 
muffle, the front fud is closed by a plate of suitable dimenaioi 
providcil with a peephole, either open or covered with mica 
The space in front of the muffle is also provided with a hof 
plate to accommodate the pieces before and after firing. 

Before commencing to charge the muffle it must be rais 
to cherry-red heat inside, the rear being then almost pale 
The size of the muffle depends on the skill of the workman ii 
charge of the firing, an experienced man being able to look a 
't^rQlve to fifteen small utensils in the muffle at a time. Cai 
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should be taken, when charging the muffle, to arrange the 
pieces in such order that each of them can be moved about to 
a hotter or cooler position as required. 

For shifting pieces fitted with handles a simple fork is 
used, which engages with the handles when the ware is to be 
moved, whilst other utensils are handled with tongs of suitable 
shape. 

The ware is inserted first in the cooler part of the muffle, 
and afterwards pushed gradually onward to the hotter parts. 
Flat pieces, such as basins, stewpans, etc., may be set upright 
on the bottom of the muffle, whereas taller articles, after the 
enamel on the bottom is fused, must be laid down sideways, 
and turned round so as to -bring the enamel on the sides into 
a state of fusion. 

The operation of firing ground enamels should not take 
longer than twenty to twenty-five minutes at most, in a well- 
heated muffle. If not properly fired in this time, the enamel 
mass is evidently too refractory, to remedy which defect a 
certain quantity of calcined borax or boric acid can be mixed 
in with the diluted enamel by prolonged stirring. If this does 
not produce the desired result nothing else can be done but to 
add borax *to the mass and fuse it over again. 

In view of this possibility it is always advisable, before 
preparing a new batch of ground enamel mass in large quan- 
tity, to test it by making up a small trial batch and testing 
same in the muffle. 

As a practical sign that the ground mass has been properly 
fired, the best indication is that it cannot be rubbed off* by the 
fingers. When examined by a strong magnifier, the edges of 
the individual particles should appear rounded, in which event 
the mass has attained the requisite degree of fluidity, being 
" fritted '* and not really fused. 

If, on the other hand, the mass assumes the appearance of 
a smooth lustrous covering on the surface of the ware, this is 
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an indication of excessive fusibility. In this case the ground 
mass forms, in itself, an enamel, and the tiring of the cover 
enamel is then attended with difficulties. This defect may 
be corrected by an addition of some refractory substance, such 
as flint meal, porcelain sherds or clay, all of which are very 
serviceable. 

The temperature usually requisite for firing ground enamel.^ 
should not exceed pale red heat and it is but rarely that, for 
firing extremely refractory masses, the employment of a white 
heat is entailed. Articles enamelled with the latter kind of 
mass are naturally dearer than those coated with fusible 
enamels, owing to the greater outlay on fuel. 

When large pieces have to be treated, or such as have been 
already enamelled but are damaged by long usage, a some- 
what modified method is pursued. Old cooking utensils, from 
which the enamel has chipped off in places, must be hammered 
with a pointed hammer round the defective parts to remove 
all loose pieces of enamel, and then exposed to stong heat to 
completely destroy all the adherent fat almost invariably 
present. The exposed portions of metal having been scoured 
bright are then coated over with ground mass and fired in the 
muffle as usual. 

To enamel large pots, boilers, etc., they must be filled with 

pickling liquor and afterwards scoured bright, painted over 

with ground mass, and fired in large muffles. In all cases the 

enamel must, before firing, be carefully wiped off any parts not 

intended to be covered. Utensils of special shape, particularly 

those with walls of irregular thickness, must be handled with 

extreme care in the firing, and should be left in the muffle 

until it is perfectly certain that the mass is properly fritted all 

over. 

Gas Muffles. 

The employment of gas for lieating is attended with so 
many advantages, and offers such a great saving of fuel, that 
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it can be strongly recommended for all purposes where warmth 
is required in enamelling works. 

So-called " water fras " is the bent form to use. It consists 
of carbon monoxide and hydrogen, and furnishes such a high 
calori^c effect that the fusing of enamels by the aid of this 
fuel ia a very rapid process. 




Gas is al-Ki of most excellent service in heating muffle 
fumacea, aa' it enables the temperature of the muffles to be 
regulated to a nicety, according to requirements. A muffle 
furnace of this description, the invention of the author, is 
represented in Fig. 15. 

This furnace contains two superimposed muffles, E and V, 
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of equal size, made of strong boiler plate. The upper muffle, 
V, serves for warming up the ware, whilst the enamel is fired 
in E. The muffles are enclosed in a thick casing of fire-bricks 
held together by dowels, and the whole is mounted on a strong 
iron baseplate, a narrow space being left between the muffles 
and the outer casing. Gas is supplied from the pipe (r to a 
horizontal pipe bent in the form of a U, on which Bunsen 
burners, B,By are mounted, at intervals of two inches, along the 
full length of the muffle. By means of a central partition, W, 
the flame from the two rowfir,of burners is deflected right and 
left respectively. The burners are lighted through suitable 
lateral openings 0, which are then closed by means of earthen- 
ware plugs. 

The flames surrounding the muffle E on all sides heat this 
white hot in a few minutes, and the gases escaping into the 
upper part of the furnace are still so hot that the muffle V is 
soon brought to red heat. The hot gases discharged through 
S are conducted away for drying the products of the stamping 
mills, etc. 

When the apparatus has been in work a short time, the 
utensils in V will have become so hot that a very brief sojourn 
in E suffices to suitably fuse the enamel mass. 



XXI. 



APPLYING AND FIEING THE COVEE ENAMEL OE 

GLAZE. 

When the utensils are taken out of the mufBe in which the 
ground enamel has been fired on, the uncovered parts of the 
metal will be found covered with black, or magnetic oxide of 
iron resulting from the action of oxygen on *the glowing 
metal. As this layer of oxide easily falls off and will colour 
any cover enamel it touches, it must be carefully removed 
before the covering mass is applied. This operation is best 
effected by scrubbing with steel-wire brushes, or sand paper. 
The application of the diluted cover enamel mass is per- 
formed in the same way as in the case of ground-enamel, the 
extent of dilution having been determined by a preliminary 
experiment, as the thinner the layer the handsomer and more 
durable the enamel. The covering layer must, however, be 
thick enough to cover properly ; and therefore, when the mass 
is rich in tin oxide, it can be diluted to a greater extent than 
otherwise feasible. Bone ash has less covering power than 
tin oxide, and consequently a mass containing the former 
must not be thinned down so much as if the latter body were 
present. When the use of very dilute covering masses is 
necessary, the greedy absorption of the contained water by 
the porouiS, ground layer entails great care in drying the 
ware before firing ; otherwise the escape of steam from the 
ground, enamfel will produce defects in the upper layer. 



152 ENAMELS AND ENAMELLING. 

Much greater care on the part of the workmen is required 
in firing cover enamel than in grounding, since the enamel 
must be perfectly free from bubbles, any pieces faulty in thi^ 
respect having to be set aside and touched up again. 

The firing temperature of the muffle furnaces is lower* 
when cover enamels are being treated, these masses being of a. 
more fusible character than ground enamels. An accurate 
indication of the proper degree of heat can be gained by 
placing a small crucible, containing a little brass, in the 
muffle, which will be hot enough for our present purpose 
when the brass fuses. Owing to the fluidity of the cover 
mass and its consequent liability to run down the sides of the 
utensils and make the coating unequal, the articles in the 
muffle must^ be fre(iuently turned and laid on their sides in 
order to facilitate uniformity of fusion. 

As soon as the mass appears to have fused completely, the 
ware is taken out of the furnace, but is prevented from cooling 
down too quickly or the enamel will craze through lack of 
time for uniform contraction. To prevent this, the finished 
ware is transferred to a muffle furnace, kept at a gentle red 
heat, where the pieces are piled up, and the muffle is then closed 
and left to cool down gradually. It is advisable to employ 
for this purpose a large muffle so that as many pieces as 
possible can be treated at a time. Under these circumstances 
the muffle need not be more than moderately hot, the radiant 
heat from the large charge of ware sufficing to raise it to the 
right temperature. 

When cooled the ware is either blacked, nickel-plated, or 
— as is now most general — enamelled on the outside. This 
latter operation is performed in the same manner as before, 
except that commoner ground and cover masses, requiring 
less heat in firing, are employed. As coloured enamels (dark 
blue, coloured by cobalt, or red brown, by ferric oxide) are 
mostly used for this work, the ground mass is generally of low 
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•quality, made from impure materials and showinij a yellowish 
or reddish tinge of colour. 

If not enamelled on the outside, the ware is usually blacketi 
over to prevent the appearance being spoiled by rust : and, 
Mrith this object, is painted over with coal tar, applied while 
t.he articles are still hot. 



XXIL 

REPAIEING DEFECTS IN ENAMELLED WARE. 

In producing enamelled ware on a large scale it must happen, 
despite every care, that a certain percentage of the goods are 
defective and unfit for sale. A short description of these 
defects will now be given. 

So long as the enamel mass is still glowing, it is of a hand- 
some yellow colour, which gives place to a white — that 
should be perfectly pure — when the piece cools down. If, 
however, at this stage, the enamel exhibits an irregularity of 
surface, with dark, dull specks, it indicates imperfect firing, 
and therefore the ware should be at once replaced in the 
hottest part of the muffle to enable it to attain the requisite 
temperature. 

When the goods have been overheated in the muffle, the 
first indications of this defect only make their appearance 
after the pieces are quite cold. In such event the enamel 
shows up very thin and blistered in places ; and it not in- 
frequently happens that the enamel and ground mass fuse 
together, and chip off* so completely as to leave the bright 
metal exposed. This is due to excessive contraction of the 
fusion-product of the two masses, in consequence of which it 
tears away from the metal in cooling. 

The only feasible way to rectify ware that has been over- 
fired is to chip off* all the defective enamel with a sharp-edged 
hammer, and to coat and fire the exposed surface anew with 
ground and cover enamel. As this is a very troublesome 
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process many makers are content to merely apply and fire a 

fresh layer of cover enamel on the damaged surfaces, and sell 

the goods as second-class ware. 

Apart from the question of commercial morality several 

reasons may be urged against such a practice. For instance, 
the **outshots" or second quality goods must always be sold 
at much lower prices than perfect ware, although they really 
cost the maker more to produce. Moreover, it cannot add to 
the credit of any maker to be continually offering large quan- 
tities of second-rate goods. Consequently, endeavour should 
always be directed to restricting the number of articles that 
require touching up; and any that have to be made good 
should be dealt with in such an effective manner that the 
corrections cannot be detected. 

For this purpose it is important to employ properly taught 
workmen for the task of firing the ware, and these men 
should be thoroughly well acquainted with the properties of 
the enamel masses generally used in the works. When new 
masses are to be employed, the qualities of which are, as yet, 
undetermined, they should be subjected to an experimental 
firing test made in presence of the workman who will have to 
fire the mass when in use, since he will often be able, in 
watching the progress of the operation, to obtain an idea of 
the behaviour of the mass from its appearance while in a 
glowing state. 

Chemical Examination of Fired Enamels. 

As already mentioned, the value of an enamel mass for 
technical purposes mainly depends on its capacity for resisting 
physical and chemical influences. It is therefore important 
that a maker should be in a position to apply simple tests to 
the enamel, with this object, to enable him to recognise which 
enamels fulfil the requirements exacted of them, and which 
do not. 
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The chief physical influence to be resisted is that due to 
extreme fluctuations of temperature ; and in this connection 
the enamel can be very easily tested by heating it quickly, 
followed by rapid cooling, the simplest plan being to fill the 
enamelled utensil with water, raising this to boiling point, 
and then immersing the vessel in cold water. The enamel 
mass, after this, test has been several times repeated, should 
still exhibit its original characteristics without alteration, and 
no cracks should be visible. 

The chief chemical influences to be resisted are acids and 
alkalils, and the enamel may be considered as sufficiently proof 
against the former if, when the enamelled ware has been filled 
with boiling vinegar for about a quarter of an hour, the liquid 
gives no precipitate on subsequent exposure to a current of 
sulphuretted hydrogen. The absence of such precipitate 
indicates that the enamel has suffered no corrosion ; the 
lustre should also remain unimpaired. 

A very simple test for the presence of lead in an enamel 
consists in moistening a portion of the enamel with strong 
nitric acid, to destroy the upper layer. After rinsing the spot 
with water a drop of ammonium sulphide is allowed to fall 
on the place, whereupon, in the absence of lead, no change of 
colour will ensue ; whereas, if lead be present, the spot origin- 
ally occupied by the nitric acid will immediately darken and 
in a short time turn quite black. The opinion has already 
been laid down that enamels for cooking utensils should be 
free from lead, on account of the poisonous properties of that 
metal, the dangers of which are intensified when the super- 
ficial layer of enamel has become damaged or defective. 



XXIII. 
ENAMELLING AETICLES OF SHEET METAL. 

Since the introduction of machinery for rapidly manufactur- 
ing articles from sheet metal bj' blocking, stamping, etc., many 
attempts have been made to enamel the goods so produced, 
since, by reason of their cheapness and lightness, such articles 
undoubtedly best fulfil all the requirements expected of 
utensils. The majority of these attempts, however, resulted 
only in failure, the enamel either chipping off the sheet metal 
or becoming so irregular when fired, that many makers began 
to look upon success as impossible. 

Nevertheless, though it cannot be denied that the enamel- 
ling of sheet-metal ware is attended with certain difficulties, 
a glimpse at any ironmonger's stock will show that these 
have been satisfactorily overcome, and that the trade in 
enamelled sheet-metal goods is continually increasing, whilst 
inquiries for enamelled articles of cast iron are becoming 
fewer. 

As a matter of fact there is no fundamental difference in 
the methods of enamelling these two classes of goods ; all that 
is necessary to attain success in treating sheet metal being to 
remember the divergent properties of the two varieties of the 
metal, and proceed accordingly. 

If a piece of cast iron and a piece of sheet iron be etched 
with acid, and the attacked spots examined under a fairly 
strong magnifying glass, a great difference between the 
behaviour of the two varieties of metal will be evident at the 



158 ENAMELS AND ENAMELLING. 

first glimpse. Cast iron is a body formed by gradual cooling 
from a fluid condition ; the smallest particles of the molten 
mass were able to settle themselves freely, and crystals were 
formed ; every cast iron exhibits crystalline structure, as may 
readily be seen by examining the surface of fracture when a 
piece of this iron is broken. 

On the other hand, sheet iron, as is well known, is pro- 
duced by the continued rolling of wrought iron or blocks of 
Bessemer steel, in mills until a sheet of any desired thickness 
is obtained. In consequence of this forcible mechanical treat- 
ment, the structure of the iron (or steel) undergoes very con- 
siderable alteration, the original granular-crystalline structure 
being converted into a fibrous condition ; that is to say, in 
place of the fine crystals we now find long slender threads. 

The smooth surface of cast iron may be regarded as covered 
with innumerable projections, corresponding to the surfaces 
of the individual crystals, whereas the surface of sheet iron 
may be represented as covered with a tangle of slender threads. 
Now it is evident that, in the former case, more numerous 
points of attachment are presented to the enamel, which 
therefore holds more firmly than to the fibrous surface of 
sheet iron. In addition to this comes another consideration, 
viz.y that during solidfication the smallest particles of cast iron 
assume the positions allotted to them by the law of crystallisa- 
tion of this metal, and when the iron is heated, they simply 
move asunder, returning to their original place when cooled, 
always behaving in a uniform manner. Hence, provided 
the coefficient of expansion of the enamel coating is in any 
way approximate to that of cast iron, there will be no danger 
of the enamel chipping off*. 

In sheet iron, on the contrary, the individual particles of 
metal are never in the position they would have assumed 
had they — like cast iron — been free to make their own selec- 
tion ; they are rather in a condition of mutual tension, the 
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extent of which is such that, as is well known, certain kinds 
of sheet metal cannot be rolled out to less than a given thick- 
ness without cracking. 

When sheet iron is heated, the fibres of which it is com- 
posed expand more in a longitudinal direction than trans- 
versely. If now, such a sheet be imagined as coated with 
enamel — ^which, being a fused mass, must exhibit uniformity 
of expansion in all directions — it will be evident that the 
cohesion between the metal and enamel is by no means so 
intimate as that between enamel and cast iron ; and it is only 
by special treatment that sheet iron can be enamelled in such 
^ durable manner as cast iron. 

The whole secret of this treatment consists in an endeav- 
our to make the surface of the sheet iron as nearly as possible 
like that of cast iron, so as to present to the enamel an equal 
number of points of adhesion as offered by cast iron. 

The preparation of cast-iron goods by pickling, filing, and 
scouring for enamelling has already been described in the 
preceding section, and though when the articles are enamelled 
at once the final scouring can be omitted in this case, the 
conditions are different when sheet-iron ware is in question. 
Here scouring with fine hard sand is an important operation 
and one that requires care in its performance, since it con- 
tributes greatly to the durability of the enamel coating. 
This result is due to the tiny furrows cut in the surface of 
the metal by the hard particles of sand the (medium fine 
meal from quenched quartz may be used in the absence of 
suitable sand). By this means the fibres of iron exposed by 
the picking process are subdivided, and the surface of the 
metal is rendered more approximate to that exhibited by cast 
iron ; the enamel is therefore better able to adhere. 

The enamel masses intended for use on sheet-iron ware 
must possess the highest coefficient of expansion possible for 
vitreous substances, and every maker should endeavour to 
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ascertain by experiment the most suitable mass for the iron 
with which he has to deal, since the sheet metal supplied by 
different rolling milla exhibits divergent degrees of expansion. 

The reason for the necessity of a high coefficient of expan- 
sion in enamels for such ware is not far to seek, and resides 
in the thinness of the sheet metal employed. The walls of 
sheet-iron ware seldom exceed ^\th of an inch in thickness, 
whereas the thinnest utensils of cast iron are twice or three 
times as thick. Consequently a sheet-iron vessel, when heated, 
rapidly becomes hot all the way through, and therefore expands 
very quickly; hence if the enamel is unable to follow this 
movement it must necessarily tear away from the metal. 

To counteract this inconvenience — as it must be regarded 
from the present point of view — of rapid conduction of heat, 
it is customary to enamel the utensils on the outside as well, 
the result of which treatment — enamels, as vitreous bodies, 
being bad conductors of heat — is to prevent the rapid heating 
through of the metal, and thereby to a certain extent protects 
the inside enamel from disruption. 

Sheet-iron ware may be divided into two classes according 
to the methods of manufacture adopted, viz., those made 
entirely out of a single piece, such as very flat stewpans ; and 
those wherein several pieces are joined together by lapping or 
riveting. Those of the first class offer no special difficulty to 
the uniform fusion of the enamel coating, provided the metal 
is of the same thickness throughout ; but lapped or riveted 
articles are harder to deal with, and require very skilful 
handling in order to produce a good class ware, free from a 
large percentage of " outshots ". 

This is due to the circumstance that the metal is much 
thicker at the lapped or riveted joints than anywhere else, 
which thicker places remain hot much longer than the rest 
when taken out of the muffle, and consequently the enamel 
there is still fluid after the remainder has become solid. The 
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result is that when the last portions of enamel set hard, 
tensions arise between the particles, and fine cracks are 
formed ; these usually radiate from the rivets and in length 
exceed the diameter of the latter three- or four-fold. The 
same thing happens in the case of lapped joints, the cracks 
making their appearance on both sides of, and perpendicular 
to, the joint. 

It was owing to the occurrence of these inconveniences 
that the production of perfect ware of enamelled sheet iron 
was so retarded as to be looked upon for a long time as 
impossible. There are, however, two very effective means of 
reducing the formation of the aforesaid cracks to a practi- 
cally negligible minimum ; the one consists in exerting the 
utmost care to make the enamel coating as thin as possible, 
whilst the second is to ensure very protracted and uniform 
coolinor down on the removal of the ware from the muffle. 

It will be readily understood that a very thin coating of 
enamel will be the better able to follow the expansion and 
contraction of the underlying metal the slower the cooling 
process is carried out, since in the latter case the vitreous 
coating acquires a comparatively high degree of elasticity, and 
consequently is enabled to better withstand rapid changes of 
temperature. 

Moreover, it must not be forgotten that the durability of 
the enamel is always greatly increased when the cooling 
process is conducted gradually; the so-called "toughened glass" 
(verre tremp^), which is so resistant that it does not crack 
when molten lead is poured into a cold vessel made of the 
material in question, is prepared by simply cooling the glass 
ware very slowly indeed. 

From the explanation given above, the intelligent manu- 
facturer, who does not shirk the trouble of instructing his 
workmen thoroughly, will find no difficulty in producing fault- 
less enamelled sheet-iron ware. Furthermore, since in many 

11 
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works the iron ware is both manufactured and enamelled it is 
easy to make the ware in such a manner as to reduce the 
diflSculties of enamelling to a minimum. 

For this purpose the thickness of the metal should be 
reduced, as far as consistent with safety, at the places where 
two layers have to overlap, i.e., at the joints, so that the total 
thickness at the joint does not greatly exceed that of the 
single layer of metal elsewhere. 

For readily appreciable reasons round-headed rivets should 
not be used, and the heads should be thinned down to the 
lowest possible dimensions. 

The ground enamels should be of fairly refractory char- 
acter, those rich in felspar being the best for use on sheet iron ; 
and for these no extremely high furnace temperature is 
required, all that is necessary to attain being a condition of 
fritting or sintering of the mass, in which state the individual 
particles, while adhering firmly to the metal, present a com- 
paratively rough surface which fuses to a homogeneous whole 
with the subsequently applied cover enamel. 

The latter may be also somewhat refractory and must be 
applied with extreme care in order to keep the entire coating 
as thin as possible. Of course, in view of this essential 
condition, it is almost impossible to obtain an absolutely 
opaque enamel covering ; and, moreover, experience has 
shown that enamels of such low covering power that the 
colour remains bluish or grey, are far superior in point of 
durability to those whereby the ground enamel is carefully 
concealed, the employment of the quantity of tin oxide 
necessary to secure this latter result decreasing the coefficient 
of expansion. 

The firing of ground and cover enamels on sheet-iron ware 
necessitates great skill and should be carried out as quickly as 
possible. The best plan is to heat up the muffle for firing the 
ground enamel to strong white heat, and to introduce the 
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ware in a red-hot condition. With this object a second muffle, 
kept only at a red heat, is provided near the actual firing 
muffle, and serves to warm up the ware. The course of the 
operation is then as follows : — 

The workman charges the heating-up muffle with a num- 
ber of pieces of ware, in such a manner that any piece can be 
easily taken out and replaced in its original position. When 
a piece has attained to dark red heat it is quickly transferred 
to the firing muffle, where the fritting of the mass is rapidly 
effected, since the ware only needs a very little extra heat for 
this result to ensue, and the operation will be complete in a 
few minutes. The piece is then returned to the heating-up 
muffle and its place taken by another. As this last-named 
muffle does not require to be heated very strongly it may be 
of large dimensions, and fitted with racks or shelves in order 
to utilise the whole of the internal space. When a number of 
pieces have been coated with ground enamel and fired as 
described, they may be left to cool slowly in the heating-up 
muffle or transferred to a moderately hot cooling (annealing) 
oven for this purpose. The heat radiated by the ware will 
suffice to heat up this oven to the requisite temperature, and 
the cooling process will go on with the necessary slowness. 

The next stage is the application and firing of the cover 
enamel. This is effected in the ordinary manner and the 
firing and cooling are carried out in the hot muffle and cooling 
oven respectively. As the muffle is kept at a very high tem- 
perature, while the cover mass is not difficult to fuse, three to 
five minutes are generally sufficient to complete the firing. 

If left too long in the hot muffle the fused cover enamel 
becomes very fluid and runs down from the sides of the ware 
to accumulate at the bottom. The result is that the walls, 
being only thinly covered with enamel, look grey, whilst the 
bottom shows up pure white where the enamel has gathered 
in thicker patches, and it is here that, by reason of the extra 
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thickness, that the enamel exhibits the greatest tendency to 
chip off. 

To improve the appearance and durability of the ware it is 
generally enamelled outside as well as in, but with less refrac- 
tory masses, and coloured either blue (with cobalt) or brownish 
red (with ferric aluminate). For the reasons already given, the 
outside coating should be as thin as possible, though naturally 
greater care is bestowed on the finish of the inside. 

By following the instructions already given, any manufac- 
turer will be able, after a little experimenting, to produce 
highly uniform and durable enamelled sheet-iron ware ; and, 
given a little experience, it is not diflScult to enamel very large 
utensils properly, since the sheet-iron goods are much easier 
to handle in the muffle than the heaver cast ones. 

Latterly, boiler tubes of riveted steel plate have been 
enamelled, and specimens of such tubes exhibiting the most 
satisfactory qualities are in existence. Of course the pro- 
duction of this class of goods necessitates the laying down of 
special plant for firing the enamels, and the muffles have to be 
correspondingly long. As particular skill on the part of the 
workmen employed in the firing is requisite, the production of 
these tubes forms a special branch of the enamel industry. 



XXIV. 
DECOEATING ENAMELLED WAEE. 

The beginning of attempts at decorating enamelled ware 
consisted in covering the outside with blue or red-brown 
enamel or by nickel plating. 

Granite Ware. 

The appearance of granite is produced on the outside of 
this ware by first coating it with white or yellow enamel and 
then spraying it over with very fine drops of a fusible greyish- 
blue or greyish-red cover enamel greatly diluted with water, 
kept continually stirred whilst the spraying is being effected 
in order to maintain uniformity of strength. When the drops 
are dry and the ware is fired, the cover enamel adheres firmly 
to the ground layer and produces the appearance of granite. 
The look of the goods is greatly improved by a thin final 
coating of very fusible cover enamel or glaze. 

Transfer Decoration. 

Since the introduction of enamelled iron table and 
chamber ware — plates, saucers, jugs, wash-basins, etc. — the 
necessity for further decoration has arisen ; but as cheapness 
is an essential factor, hand-painting is out of the question for 
such ware, and recourse has to be had to the same means as 
are so successfully employed in the manufacture of porcelain 
and stoneware, viz. : decoration by the aid of so-called transfer 
pictures. 

This process chiefly consists of printing coloured pictures 
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on very thin paper containing a very low percentage of ash 
constituents. The ink used in printing is composed of enamel 
colours (such as already described), suspended in a medium of 
very fusible cover mass in just sufficient quantity to fix the 
colours on in the operation of firing. In this way highly 
artistic pictures are attainable by the usual methods of 
printing, and are transferred to the surface of the white- 
enamelled ware by slightly damping the paper on the back of 
the printed sheet, laying this smoothly on the ware and, when 
dry, firing it at a heat just suflScient to fix the colours. 

A good instance of the possibility of making an immense 
number of articles of one pattern and style of decoration by 
this method is afforded by the mugs made for the coronation 
of the Czar Nicholas II., and for the Jubilee of the Austrian 
Emperor, Franz Joseph I. 

Imitation Cloisonne Transfers. 

Another form of decoration produced by the aid of the 
printing press is that of transfers simulating the well-known 
cloisonne enamel, and highly suitable for the embellishment of 
decorative cast iron for building purposes. The pictures are 
printed in various colours, and the border lines, which in real 
cloisonne work exhibit a metallic lustre are black ; the printing 
is managed in such a way that the colours are laid on as 
thickly as possible. 

When a sheet of this transfer paper is applied to an iron 
surface (which may be moulded, in the form of a rosette, 
cornice moulding, etc.) and the back of the paper is damped, 
the latter can be drawn off in a short time, leaving the coloured 
enamels adhering to the metal ; by firing they become so 
firmly fixed that the colours retain their freshness even after 
exposure to the weather for years. 



XXV. 

SPECIALTIES IN ENAMELLING. 

Sundry methods of enamelling have been brought forward 
which differ from, and, according to their inventors, give better 
results than the ordinary processes described in the foregoing 
pages. Out of the large number of recipes available in this 
connection the following have been selected by the author as 
being of approved practical value, many of the others tried 
by him having yielded nothing but unfavourable results even 
when performed with minute attention to details. 

Iron Glaze. 

This process was originated by Paris, and is useful as a 
cheap covering for protecting iron pipes from the destructive 
influences to which they are exposed when embedded in the 
ground. The composition of the glaze is as follows : — 

Powdered crystal glass 130 parts. 

Soda 20-6 „ 

Boric acid 12 „ 

The materials being carefully mixed together, fused in 
crucibles, quenched, and reduced to a very soft powder by 
stamping and grinding. 

The iron pipes or other articles to be coated are cleansed 
by pickling in the usual manner, dried, and coated with a thin 
layer of gum arabic, or other agglutinant, the powdered glaze 
being then dusted over them by means of a sieve. 

The next stage is to dry the articles thoroughly iji^a 
chamber heated to about 150° C, and then bring them to dark 
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red heat, at which temperature the glaze fuses. When properly 
applied the glaze sticks very firmly to the metal and effectually 
resists all external influences. Though excellent for iron pipes, 
for which such a power of resistance is desired, this process — 
termed by its inventor " Emaille de fer contre-oayydd" — is too 
expensive for general use. 

Emaille Plaqu^-Vitrg-Mibtallique. 

Paris also rendered his method available to some extent 
for artistic purposes by describing a process for durably 
coating iron with other metals. With this object the iron 
surface, covered with glaze as above, is brushed over afresh 
with gum, over which very thin sheets of metal foil (gold 
leaf, silver foil, copper foil, platinum foil) are laid and fired. 

Although in itself good, the metallic coating being ex- 
tremely durable, the process is hardly likely to be of practical 
use now that metal can be covered with and preserved from 
rusting by nickel-plating. 

Enamels for Sheet-iron Loaf-sugar Moulds. 

A very useful enamel mass for sugar moulds, or indeed 
any sheet-iron ware, is composed of — 

Green bottle glass 49 parts. 

Fused borax 4 

Litharge . . . . : 47 



11 



Enamelling Tubes for Steam Boilers. 

Owing to the property exhibited by enamelled tubes 
of iron, copper, or brass, of either entirely preventing the 
deposition of boiler fur or else, by reason of their smooth 
surface, enabling the incrustation to be removed with ease, 
the use of such tubes for locomotive boilers is continually 
extending. 

Their preparation is, however, attended with certain techni- 
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cal difficulties, which nevertheless may be overcome by means 
of the process now about to be described. After pickling in 
fairly strong acid, the tubes are scrubbed clean with cylindrical 
brushes, and similar brushes are employed to apply the 
coating of enamel. Firing is effected in muffles of suitable 
length, but not wider than is necessary for the accommodation 
of several tubes, laid side by side on supports hollowed out 
for their reception, so as to facilitate handling by means of 
suitable tongs. 

The ground enamel is fired at a high temperature and the 
attendant must exercise care, by turning the tubes, to ensure 
uniform heating throughout. This turning must be performed 
more frequently during the firing of the cover enamel, to 
prevent the latter from running and forming a coating of 
irregular thickness. 

Enamelled iron pipes are also excellent for conveying the 
acid water of mines, as they remain unaltered for years, where- 
as ordinary iron pipes are corroded in a very short time. 
Of course the enamel employed for such tubes must be of 
such constitution that it can effectually withstand chemical 
influences. Amtmann of Gleiwitz uses the following formula 
for enamel for this purpose : — 

Ground Enamel. 

Quartz 34 parts. 

Borax . ' 15 

Soda 2 






Cover Enaviel. 

Felspar 34 parts. 

Quartz 19 

Borax 24 

Tin oxide 16 

Fluor spar 4 „ 

Soda 9 „ 

Saltpetre 3 „ 

The firing of this cover enamel takes twenty minutes at 



»» 



170 ENAMELS AND ENAMELLING. 

white heat, and the finished tubes are coated with tar whilst 
still hot. 

Pleischel's Enamels. 

Pleisehel of Vienna has for many years manufactured 
enamelled ware coated with leadless enamel only, the com- 
position of the masses — which are also suitable for use on sheet- 
iron articles — being as follows : — 

Silica 30 to 50 parts. 

Flint 10 to 20 

Kaolin 10 to 20 

Pipeclay 8 to 16 

Chalk 6 to 10 

Ground porcelain 5 to 15 

Boric acid 20 to 40 

Saltpetre 6 to 10 

Gypsum 2 to 5 

Another of the same maker's formulae is : — 

Quartz 30 to 60 parts. 

Granite . 20 to 30 

Borax 10 to 20 

Glass 6 to 10 

Magnesia 10 to 15 

Felspar 5 to 20 

Enamel soda 10 to 20 

Lime 5 to 15 

Barytes 2 to 8 

Fluor spar 3 to 10 

These ingredients are prepared in very much the same 
manner as that already described in these pages, by grinding, 
mixing, fusing and re-grinding ; and the glaze is laid on as 
thinly as possible. The proportions of the mixture depend 
on the character of the raw materials and must be determined 
by experiment, since a granite that contains a large proportion 
of quartz will require more soda than one that is richer in 
felspar. 
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BoTTCHER's Copper Enamel. 

The enamel mass employed by Bottcher for copper consists 
of— 

White felspar 12 parts. 

Unbumed gypsum 12 ,, 

Borax 1 part. 

The^usual method of firing is adopted, and the enamel 
adheres very tenaciously to the surface of the copper. 
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XXVI. 

DIAL-PLATE ENAMELLING. 

I* 

The manufacture of dial-plates for clocks is a special 
business, and generally consists in covering sheet copper with 
white enamel. The thin sheet copper, cut to the desired size, 
is made bright and coated on both sides with perfectly white 
enamel, in fine powder mixed with water and laid on with a 
brush. As the enamel used is always very rich in tin oxide 
it covers well enough to be used in exceedingly thin layers. 

Any white enamel of good covering power will do for the 
purpose, the following being typical mixtures : — 



Sand . 


. 100 


100 


100 


Lead oxide 


. 60 


108 


167 


Tin oxide . 


. 50 


38 


38 


Potash 


. 200 


20 


80 



When the mass has been applied, the discs, laid side by 
side, are thoroughly dried, and a large number are placed on 
thin slabs of firebrick and inserted in a glowing muffle where 
they are left until the enamel is fused. Hereupon they are 
transferred, slabs and all, to a cooling oven. In this manner 
a very large number of dials can be finished in the course of 
a day. 

The plates are then subjected to a searching examination, 
and only such as are perfect and exhibit a perfectly uniform 
lustrous surface are looked upon as finished. Frequently 
some of them are slightly blistered or stained in places, and 
these must be rectified before they are sent out. The simplest 
way to remove the small blisters or bubbles is by scouring 
the plate with fine sand, and reheating in the muffle until the 
enamel has so far fused again that it forms a coherent lustrous 
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covering when colA Stained patches must be ground off by 
holding the dial against a rapidly-revolving disc moistened 
with water containing very fine sand in suspension. When 
the stain is entirely removed the place is re-enamelled. It 
should be stated that such patches will only be met with in 
any abundance when insufficient care has been taken in select- 
ing pure materials for the enamel mass. 

The inscriptions (figures) on dial-plates are of black enamel, 
which is ground up with lavender oil, painted on and fired. 
As a rule this coloured enamel has a much lower fusing point 
than the white enamel, so that it may melt while the latter 
is still in a solid state ; since otherwise it would be impossible 
to obtain a sharp-edged, clear inscription, as the two enamels 
would run together in fusing and render the edges washy and 
ill-defined. 

The small dial plates for watches are usually enamelled 
on one side only, and must be cooled down slowly after firing, 
in order that the enamel may retain a certain elasticity and 
not easily craze or crack. Besides, the enamel for this purpose 
must have such a low fusing point that there is no danger of 
the copper being corroded by the fused mass. 

To ascertain whether or no this is the case, a finished plate 
is cut in two, and the edges after being rubbed smooth are 
examined under a magnifying glass. In the case of enamels 
of suitable fusing point a sharp line of demarcation is visible 
between the enamel and the metal, but if too refractory an 
intermediate layer of a bluish tinge will be noticeable ; and, 
owing to the thinness of the coating, will spoil the colour. 

Many dial-plate manufacturers, however, endeavour to 
produce this intermediate layer, under the erroneous impression 
that it causes the enamel and copper to adhere more firmly 
together, which is not the case ; besides, they unite so closely 
under ordinary conditions that no special precautions in this 
direction are required. 






XXVII. 
ENAMELS FOR ARTISTIC PURPOSES. 

Enamels play an important part in the arts and artistic 
industries, and, by reason of the beauty of their colours and 
their durability, are especially adapted for the embellishment 
of jewellery and articles of adornment. 

In earlier times this branch of art was more studied than 
at present, and there are still in existence, the product of past 
centuries, works in enamel that constitute artistic relics of high 
value. Nevertheless, owing to the present state of chemical 
knowledge, we are nowadays in a position to produce enamels 
far superior in point of beauty, purity of colour, and dura- 
bility, to those of our predecessors. 

As is well known, strenuous endeavours are now being 
made to elevate industrial art to a high standard, and great 
attention is being devoted to works in enamel. 

Gold and silversmiths, and workers in bronze and metal 
ave again largely resorting to enamels for decorating .their 
productions, and the same applies, to a not inferior extent, 
to the use of enamel in the manufacture of artistically em- 
bellished pottery. 

So far as the composition and employment of enamel 
masses for artistic purposes are concerned, there is little 
deviation from the methods already described as practised in 
the industrial world, the principal difference being that the 
very purest materials obtainable are sought after, since it is 
from these alone that enamels of handsome colour can be 
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Acid pickle for enamel ware, 92. 
Adherence of enamel, improving, 

129. 
Alkalies, 22-7. 

— action of, on glass, 10. 

— testing, 81. 

Alkaline earths for enamels, 27. 
Alumina, colour reactions of, 85. 
Amethyst, 15. 
Ammonium carbonate, use of, in 

enamelling, 93, 129. 
Ancient enamels, pigments in, 2. 
Annealing, 147, 152, 161. 

— necessity for, 11. 
Anthracite fuel, 91. 
Antimony, colour reactions of, 85. 

— oxide pigment, 50-2. 
Applying cover enamel, 151-3, 162, 

169. 

— ground enamel, 142-4, 162, 

169. 
Argillaceous limestone, 29. 
Artistic enamels, 174-82. 



B. 



Barium carbonate. See Witherite. 

— compounds for enamels, 34. 

— sulphate. See Barytes. 
Baryta glass, properties of, 34. 
Barytes, 34. 

Black pigments, 49, 72. 
"Blind" glass, 9. 
Blowpipe flame, effect on enamel 
colours, 182. 

— tests, 78-86. 
Blue enamel, 178. 



— pigments, 48, 65-70. 
Boiler tubes, enamel for, 168. 
Bone ash, 38, 

Borax for fluxes, 39-42. 
Boric acid, 40-2. 

— — glass, properties of, 41. 

— — use of, 6. . • ij 
Bottcher's enamel for copper, 171. 
Brown pigments, 49, 71-2. 



C. 



Calcining quartz, 21. 

Calcium carbonate. (S>«^Chalk. 

— oxide. See. Lime. 

— phosphate, 38. 

Caput niorttium. See Ferric oxide. 

Carbon dioxide, action on glass, 9. 

Causticising waste, 29. 

Chalk, 29. 

Charcoal fuel, 90. 

Chromic oxide pigment, 64, 65. 

Chromium, colour reactions of, 86. 

Citrin, 15. 

Classiftcation of glass, 7. 

Clay for fluxes, 43, 44. 

Cleaning ware for enamelling, 139. 

Cloisonne enamel, 180. 

— imitation, 166. 
Coal fuel, 91. 

Cobalt, colour reactions of, 85. 

— oxide pigments, 65, 67-9, 72. 
Cobaltous silicate pigment, 65, 6^. 

— zinc phosphate pigment, 67, 

68. 
Coefficient of cxi)ansion, 160, 161. 
Colcothar. See Ferric oxide. 
Coloured enamels, 177-82. 

— glass group, 7. 
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Colouring enamel masses, 119. 

Colour reactions of enamel pig- 
ments, 85. 

Composition of enamels, 167-72, 
175-82. 

Cooling, effect of, on glass and 
enamel, 11. 

Copper, colour reactions of, 85. 

— enamel for, 171. 
Cover enamel, 101. 

— enamels, composition of, 

127-35, 168, 169. 
Cracks in enamel, 161. 
Crazing, remedy for, 129. 
Crucibles for enamel, 103-7, 112. 
Cupric oxide pigment, 63, 64, 72. 
Cui)rous oxide pigment, 61. 



D. 



Dark purple pigment, 60. 
Decolorising agents for enamels, 
73-7. 

— — testing, 75-7. 

-- enamel masses, 120. 
Decorating enamelled ware, 165, 

16(). 
Defects, repairing, 154, 155, 173. 
Devitrification, 12. 
Dial ])lato enamelling, 172-3. 
Diatomaccous earth, 17, 18. 
Dolomite, 29. 



E. 



Edge-runner mills, 95-7. 
Electric smelting, 110-1. 
Amaille charnp-leveey 180. 
Email le plaque-vitro-metallique, 

168. 
Enamel, alkaline earths for, 27. 

— ancient, 2. 

— applying, 142-4, 151-3, 162, 

169. 

— artistic, 174-82. 

— barium compounds for, 34. 

— blue, 178. 

— boiler tube, 168. 

— Bottcher's, 171. 

— cloisonne, 180. 

— — imitation, 166. 



Enamel, coloured, 177-82. 

— composition of, 167-72, 175- 

82. 

— copper, 171. 

— cover, 101, 127-35, 168, 169. 

— cracks in, 161. 

— crucibles for, 103-7, 112. 

— decolorising, 73-7, 120. 

— emaille champ-levee, 180. 

— emaille plaque-vitro-metal- 

lique, 168. 

— felspar lead oxide, 124. 

— firing, 145-53, 162, 163, 169, 

179. 

— fluxes for, 39-46. 

— for dial plates, 172. 

— fusible, 123, 124, 175, 176. 

— glass in, 131-3. 

— green, 178. 

— ground, 101, 122-6, 168, 169. 

— jewellery, 175, 176, 182. 

— lead compounds for, 30-3. 

— — glass in, 11. 

— leadless, 130, 170. 

— materials for, 14-93. 

— opaque, 7, 8, 15, 35-8, 127-9. 

— painting on, 178. 

— pigments for, 47-72. 

— Pleischel's, 170. 

— plumbiferous, 130, 131. 

— porcelain in cover, 131, 133. 

— potassium compounds for, 

23-5. 

— purple, 181. 

— red, 181. 

— refractory, 119, 122. 

— repairing defects in, 154, 

155. 

— selection of quartz for, 19. 

— soda, 26. 

— sodium compounds for, 25- 

27. 

— sugar mould, 168. 

— technical uses of, 134. 

— testing, 155-6. 

— transfer decoration on, 166, 

166. 

— translucent, 177, 178. 

— white, 175, 176. 

— yellow, 178, 181. 

Enamel masses, composition of, 
118-35, 168, 169. 

— mass, preparing, 100-35. 
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Enamel mass, testing, 86. 
Enamelled ware, decorating, 165, 
166. 

— — repairing defects in, 

164, 155. 

— — testing for lead, 128. 
Enamelling dial plates, 172, 173. 

-^ preparing the ware, 136-41, 
169. 

— process, 142-4, 151-3, 162, 163, 

169. 

— specialties in, 167-73. 
Enamels, durability of, 8, 9. 



F. 



Telspar cover enamels, 131. 

— for fluxes, 45. 

— lead oxide enamel, 124. 
Ferric aluminate pigment, 57. 

— oxide pigment, 55, 72. 
Ferrous oxide pigment, 62, 63. 
Firing coloured enamels, 179. 

— cover enamel, 151-3, 162, 163, 

169. 

— ground enamel, 145-50, 162, 

163, 169. 
Flint. See Silica. 
Fluor spar for fluxes, 42, 43. 
Fluxes for enamels, 39-46. 
Fuel, 89-92. 

Furnace for quartz, 21, 22. 
Furnaces, smelting, 107-11. 
Fusibility of enamel masses, 

modifying, 119, 125, 129, 134, 

147, 148, 175. 
Fusible enamels, 175, 176. 

— ground enamels, 123, 124. 
Fusion tests for decolorants, 75, 77. 

— — for materials and 

enamel mass, 78-86. 



G. 



<jras fuel, 91. 

— muffles, 148-50. 

Olass, behaviour on exposure to 
atmosphere, 9. 

— composition and properties 

of, 6-13. 

— cullet for fluxes, 46. 

— in cover enamels, 131-3. 



Glass, indifference to chemicals, 8. 
Glauber salt, 27. 
Glaze, iron, 167. 

— mills, 94. 

— See Cover enamel. 
Gold pigments, 58-61. 
Granite ware, 165. 
Green enamel, 178. 

— pigments, 48, 62-5. 
Grinding enamel masses, 117. 

— quartz, 22. 
Ground enamel, 101. 

— enamels, composition of, 

122-6, 168, 169. 
Gypsum for fluxes, 45. 



H. 

I 

! Heat, effect of on glass, 11. 
i History of enamelling, 1-3. 
I Hyalite, 15. 



I. 



Impurities in clay, 44. 

— — lead oxide, 31. 
_ _ water, 88, 89. 

— — white lead, 33. 

— testing for, 78-86. 
Iron, colour reactions of, 85. 

— for enamel ware, 137-9, 157-9. 

— glaze, 167. 

— impurities in clay, 44. 

— — limestone, 28. 
_ _ water, 88, 89. 

— in cobalt pigments, 69. 

— oxide in quartz, 18. 

— — pigments. See Ferric 

and ferrous oxides. 

— utensils, enamels for, 124, 

125. 



I J. 

' Jewellery enamel, 175, 176, 182. 

I 
I 

K. 

' Kaolin for fluxes. 43. 
; Kelp, 26. 
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Ldiui Jintinionato pigment, 53. 

— (colour reactioiiH of, 85. 

— rompoundH for enamel, 30-3. 

— — injuriouH in technical 

enamelH, 128. 

— j,'laHH Kroup, 7. 

— — in enamel, 11. 

— — low HiHiHtance of, 10-1. 

— pH'parationH, t(;Hting, 83. 

— Hulphate, 33. 
JieadloHH cover enamel, KiO, 170. 
Light, efre(!t of on glasH, 12. 
Light purjile pigment, 50. 
JJgnit(^ fnel, 90. 
Lime, 27. 

— ghiHK group, 7. 
Limestonci, 28, 29. 
Litharge, 31. 



Opal, 16. 

Opacjue glass group, 8. 

Orange pigments, 48, 01-2. 



P. 



M. 

Magnesia, 30. 
Magncjsium (rarbonat(», 30. 

— sulphate^ 30. 
Mangan(?H(», colour reactions of, 85. 

— dioxide as a decolorant, 2, 

73, 74. 

— — in cobalt i)igm(»nts, ()8. 

— — pigment, 70, 71,72. 
Materials for enamels, 14-03. 

— - — - — alkalies, 22-7. 

— — — fundamiMital, 14-77. 
— ■ — -— mixing, 08, 00. 

— ■ — — pr(»paring, 04-0. 

— — — subsidiary, 87-03. 
Mills for enamel materials, 04-7. 
Minium as a decolorant, 73. 

— Sf'f. Red Lead. 
Mixing appliances, 08, 00. 
Morion, 15. 
Muffle furnaces, 145-50, 170. 

N. 

Naples yellow, 53. 

Nickel in cobalt pigments, 07. 



0. 



Opacity, means of producing, 7, 
15, 35-8, 127-0. 



Painting on enamel, 178. 
Panstone, 27. 
l*eat as fuel, JK). 
Pickling, 130, 140. 

— materials, 02. 
I'igments, 47-72. 

— ancient enamel, 2. 

— antimony oxide, 50-2. 

— black, 40, 72. 

— blu(i, 48, 05-70. 

— brown, 40, 71-2. 

— chromic oxide, 04, ()6. 

— cobaltous silicate, iio, 00. 

— — zinc phosphate, 07, 08. 

— cobalt oxide, 05, 07-0, 72. 

— colour reactions of, 86. 

— cupric oxide, 03, 04, 72. 
-- cui)rous, oxide, 01. 

— ferri(! aluminate, 57. 

— - - oxid(^ 55, 72. 

— f(MT0us oxide, 02, 03. 

— gold, 58-OL 

I — green, 48, 02-6. 

I — lead antimonate, 53. 

— manganese dioxide, 70-2. 

1 — potassium antimonite, 52. 
j — purple, 50-01. 

— red, 48, 57-01. 

— rose [)urple, 00, 01. 

— silver oxide, 64. 

— smalt, ()8, 00. 

— sodium-gold chloride, 58. 

— testing, 84. 

— - tin-gold chloride, 69. 

— violet, 49, 70. 

— vellow, 48,49-60. 

— zaff re, ()8, 09. 
Pipeclay for fluxes, 44. 
PleischeFs enamels, 170. 
Plumbiforous cover enamels, 130^ 

13L 
Porcelain in cover enamels, 131,. 
133. 

— sherds for fluxes, 46, 46. 
Potash, 24. 

— sulphate of, 24. 
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Potassium antimonite pigment, 
52. 

— compounds for enamels, 

23-5. 
Preparation of technical enamels, 

100-35. 
Purple enamel, 181. 

— of cassius, 59. 

— pigments, 59-61. 



a 



Quartz, purifying, 18. 

— sand. See Silica. 

— See Silica. 
Quenching enamel masses, 116. 

— quartz, 20. 



B. 



Red enamel, 181. 

— lead, 32. 

— pigments, 48, 57-61. 
Re-enamelling old ware, 148. 
Refractory enamels, 119. 

— ground enamels, 122. 
Repairing defects, 154, 155. 
Rock crystal. See Silica. 
Roman glass, composition of, 9. 
Rose purple pigment, 60, 61. 
Rossler's gas furnace, 76, 77. 



S. 



Saltpetre as a decolorant, 73, 77. 
Scouring ironware for enamelling, 

159. 
Sedimentation, washing quartz 

by, 19. 
Sheet metal ware, enamelling, 157, 

168, 170. 
Silica, 15-22. 

— acid character of, 16. 

— allotropic forms of, 15. 

— impurities in, 17, 18. 

— preparing for use, 19-22. 

— properties of, 15. 

— purifying, 18. 

— soluble, 16. 

— solvents of, 16. 

— sources of, 16, 17. 



Silica, testing, 82. 

— purity of, 18. 

— varieties of, 16. 
Silicates, pigmentary, 7. 
Silver, colour reactions of, 85. 

— oxide pigment, 54. 
Smalt, 68, 69. 

— as a decolorant, 120, 121. 
Smelting, electric, 110-1. 

— enamel masses, 103-17, 129. 

— furnaces, 107-11. 
Soda, calcined, 25. 

— " enamel," 26. 

Sodium carbonate, 25. See also 
Soda. 

— chloride, 25. 

— compounds for enamels, 

25-7. 

— gold chloride pigment, 58. 

— nitrate as a decolorant, 

73. 

— sulphate. See Glauber salt. 
Specialties in enamelling, 167-71. 
Sugar moulds, enamel for, 168. 
Sulphate of potash, 24. 



T. 



Testing effect of decolorants, 75-7. 

— enamelled ware for lead 

compounds, 128, 156. 

— fired enamels, 155-6. 

— pigments, 84. 

— raw materials and enamel 

mass, 78-86. 

— water, 88. 

— white lead, 33. 
Tin ash. See Tin oxide. 

— gold chloride pigment, 59. 
-- oxide, 35-38. 

— — behaviour of, in enamel 

mass, 127. 
Topaz, 15. 

Transfers, decoration by, 165, 166. 
Translucent coloured enamels, 
177, 178. 



U. 



Uranium, colour reactions of, 85. 
— oxide pigment, 56. 
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V. 

Violet enamel, 182. 
— pigments, 49, 70. 



W. 

Water, action of, on glass, 9. 

— use of, in enamel-making, 

87-9. 
" Waterglass," 6. 
White enamel for jewellery, 175, 

176. 

— lead, 32. 



Witherite, 34. 
Wood ashes, 24. 



Y. 

Yellow enamel, 178, 181. 
— pigments, 48, 49-56. 



Z. 



Zaffre, 68, 69. 

Zinc, colour reactions of, 85. 
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Contents. 

Chapters I., Introductory Remarks on the General Nomenclature of Oils, Tallow and 
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Press Opinions. 

" This work is written from the standpoint of the oil trade, but its perusal will be found very 
useful by users of machinery and all who have to do with lubricants in any way." — Colliery 
Guardian. 

" The properties of the diiTerent grades of mineral oil and of the animal and vegetable non- 
drying oils are carefully described, and the author justly insists that the peculiarities of the 
machinery on which the lubricants are to be prnployed must be considered almost before every- 
thing else. . . . The chapters on grease and solidified oils, etc., are excellent." — The Ironmonger. 

" In its ninety-six pages this little work contains a wealth of information ; it is written without 
waste of words on theoretical matters, and contains numerous formulas for a great variety of 
compounds for the most varied lubricants. In addition there are many practical hints of use in 
the factory in general, such as of tanks, etc., and altogether the book is worth several times its 
price in any factory of these compounds." — American Soap Journal. 



SOAPS. A Practical Manual of the Manufacture of Domestic, 
Toilet and other Soaps. By George H. Hurst, F.C.S. Illustrated 
with 66 Engravings. Price 12s. 6d. ; Germany, Hrnks. ; France and 
Belgium, 16 frs., post free. 

Contents. 

Chapters I., Introductory.— II., Soap-maker's Alkalies.— III., Soap Fats and Oils.— 
IV., Perfumes.— v.. Water as a Soap Material.— VI., Soap Machinery.— VII., Tech- 
nologry of 5oap-making:.— VIII., Qlycerine in 5oap Lyes.— IX., Laylnsr out a Soap 
Factory.— X., Soap Analysis.— Appendices. 



PrBSS Opinions. 

" Much useful information is conveyed in a convenient and trustworthy manner which will 
appeal to practical soap-makers." — Chemical Trade Journal. 

" This is a better book on soap-manufacture than any of the same size which have been 
published for some time. It reads like the ' real thing,' and gives a very complete account of 
the technique of soap-making, especially of the machinery employed, the different methods and 
even the arrangement of soap factories. . . . The book is produced well, and is splendidly illus- 
trated." — Chemist and Druggist. 

" The best and most reliable methods of analysis are fully discussed, and form a valuable 
source of reference to any work's chemist. . . . Our verdict is a capitally-produced book, and 
one that is badly needed." — Birmingham Post. 

" We think it is the most practical book on these subjects that has come to us from England 
so {at."— American Soap Journal. 

" Works that deal with manufacturing processes, and applied chemistry in particular, are 
always welcome. Especially is this the case when the material presented is so up-to-date as 
we find it here." — Bradford Observer. 



ANIMAL FATS AND OILS : Their Practical Production, Puri- 
fication and Uses for a Great Variety of Purposes. Their Properties, 
Falsification and Examination. A Handbook for Manufacturers of Oil 
and Fat Products, Soap and Candle Makers, Agriculturists, Tanners, 
Margarine Manufacturers, etc., etc. By Louis Edgar Andes. With 
62 Illustrations. Price 10s. 6d. ; France and Belgium, 13 frs. ; Colonies, 
12s., post free. 

Contents. 

Introduction. Occurrence, Origin, Properties and Chemical Constitution of Animal Fats. 
Preparation of Animal Fats and Oils, Machinery. Tallow-melting Plant. Extraction Plant. 
Presses. Filtering Apparatus. Butter : Raw Material and Preparation, Properties, Adult- 
erations, Beef Lard or Remelted Butter, Testing. Candle-fish Oil. Mutton Tallow. Hare 
Fat. Goose Fat. Neatsfoot Oil. Bone Fat: Bone Boiling, Steaming Bones, Extraction, 
Refining. Bone Oil. Artificial Butter: Oleomargarine, Margarine Manufacture in France, 
Grasso's Process, " Kaiser's Butter," Jahr & MUn?berg's Method, Filbert's Process, Winter's 
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Preparation, Properties, Adulterations, Examination. Lard Oil. Fish Oils. Liver Oils. 
Artificial Train Oil. Wool Fat : Properties, Purified Wool Fat. Spermaceti : Examination 
of Fats and Oils in General. 



Press Opinions. 

" The latest and most improved forms of machinery are in all cases indicated, and the many 
advances which have been made during the past years in the methods of producing the more 
common animal fats — lard, tallow and butter — receive due attention." — Glasgow Herald. 

" The work is very fully illustrated, and the style throughout is in strong contrast to that 
employed in many such treatises, being simple and clear." — Shoe and Leather Reroyd, 



" An important handbook for the ' fat industry,' now a Urge one. The explanation of the 
most scientific processes of production lose nothing of their clearness in the translation." — 
Newcastle Chronicle. 

" It is a valuable work, not only for the student, but also for the practical manufacturer of 
oil and fat products.."— /o« ma/ of the American Chemical Society. 

" The descriptions of technical processes are clear, and the book is well illustrated and 
should prove useful."— Manchester Guardian. 



VEGETABLE FATS AND OILS : Their Practical Preparation, 

Purification and Employment for Various Purposes, their Properties, 
Adulteration and Examination. A Handbook for Oil Manufacturers 
and Refiners, Candle, Soap and Lubricating Oil Makers, and the Oil 
and Fat Industry in General. Translated from the German of Louis 
Edgar Andes. With 94 Illustrations. Price 10s. 6d. ; Germany, 
12 mks. ; France and Belgium, 13 frs. ; Colonies, 12s. post free. 
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Statistical Data. General Properties of the Vegetable Fats and Oils. Estimation of the 
Amount of Oil in Seeds. Table of Vegetable Fats and Oils, with French and German 
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Press Opinions. 

" Concerning that and all else within the wide and comprehensive connexion involved, this 
book must be invaluable to every one directly or indirectly interested in the matters it treats 
of." — Commerce. 

"The proprietors of the Oil and Colotirman's Journal have not only placed a valuable and 
highly interesting book of reference in the hands of the fats and oils industry in general, but 
have rendered no slight service to experimental and manufacturing chemists." — Manufacturing 

Chemist. 



LUBRICATING OILS, FATS AND GREASES : Their Origin, 

Preparation, Properties, Uses and Analyses. A Handbook for Oil 
Manufacturers, Refiners and Merchants, and the Oil and Fat Industry 
n General. By George H. Hurst, F.C.S. Price 10s. 6d. ; Germany, 
12 mks. ; France and Belgium, 13 frs.; Colonies, 12s., post free. 
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Chapters I., Introductory. Oils and Fats, Fatty Oils and Fats, Hydrocarbon Oils, Uses 
of Oils.— II., Hydrocarbon Oils. Distillation, Simple Distillation, Destructive Distillation, 
Products of Distillation, Hydrocarbons, Paraffins, Olefins, Naphthenes. — III., Scotch Shale 
Oils. Scotch Shales, Distillation of Scotch Oils, Shale Retorts, Products of Distilling Shales, 
Separating Products, Treating Crude Shale Oil, Refining Shale Oil, Shale Oil Stills, Shale 
Naptha Burning Oils, Lubricating Oils, Wax. — IV., Petroleum. Occurrence, Geology, Origin, 
Composition, Extraction, Refining, Petroleum Stills, Petroleum Products, Cylinder Oils, Russian 
Petroleum, Deblooming Mineral Oils. — V., Vesretable and Animal Oils. Introduction, 
Chemical Composition of Oils and Fats, Fatty Acids, Glycerine, Extraction of Animal and 
Vegetable Fats and Oils, Animal Oils, Vegetable Oils, Rendering, Pressing, Refining, Bleaching, 
Tallow, Tallow Oil, Lard Oil, Neatsfoot Oil. Palm Oil, Palm Nut Oil, Cocoanut Oil, Castor 
Oil, Olive Oil, Rape and Colza Oils, Arachis Oil, Niger Seed Oil, Sperm Oils, Whale Oil, Seal 
Oil, Brown Oils, Lardine, Thickened Rape Oil.— \'I., Testing: and Adulteration of Oils. 
Specific Gravity, Alkali Tests, Sulphuric Acid Tests, Free Acids in Oils, Viscosity Tests, Flash 
and Fire Tests, Evaporation Tests, Iodine and Bromide Tests, Elaidin Test, Melting Point of 
Fat, Testing Machines. — VII., Lubricating' Greases. Rosin Oil, Anthracene Oil, Making 
Greases, Testing and Analysis of Greases. — VIII., Lubrication. Friction and Lubrication, 
Lubricant, Lubrication of Ordinary Machinery, Spontaneous Combustion of Oils, Stainless 
Oils, Lubrication of Engine Cylinders, Cylinder Oils. — Appendices. A. Table of Baurae's 
Hydrometer — B. Table of Thermometric Degrees — C. Table of Specific Gravities of Oils. — 
Index. 



Press Opinions, 

" This is a clear and concise treatment of the method' of manufacturing and refining lub- 
ricating oils. . . . The book is one which is well worthy the attention of readers who are users 
of oil." — Textile Recorder. 

" The book is well printed, and is a credit alike to author, printer and publisher." — Textile 
Mercury. 

" Mr. Hurst has in this work supplied a practical treatise which should prove of especial 
value to oil dealers and also, though in a less degree, of oil users." — Textile Manufacturer. 

" A mere glance at the table of contents is sufficient to show how various are the conditions 
to which these materials have to be applied, how much knowledge is required for the selection 
of the right kind for each particular purpose, and how by processes of mixture or manufacture 
the requisite qualities are obtained m each case." — Manchester Guardian. 

" This valuable and useful work, which is both scientific and practical, has been written with 
a view of supplying those who deal in and use oils, etc., for the purpose of lubrication with some 
information respecting the special properties of the various products which cause these various 
oils to be of value as lubricants." — Industries and Iron. 

"We have no hesitation in saying that in our opinion this book ought to be very useful to 
all those who are interested in oils, whether as manufacturers or users of lubricants, or to those 
chemists or engmeers whose duty it may be to report upon the suitability of the same for any 
particular class of work." — Engineer. 

" The author is widely known and highly respected as an authority on the chemistry of oils 
and the technics of lubrication, and it is safe to say that no work of similar interest or equal 
value to the general oil-selling and consuming public has heretofore appeared in the English 
language. " — Dru^s, Oils and I'aints, U.S.A. 

" It will be a valuable addition to the technical library of every steam user's establishment. 
— Mi\chinery Market. 
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THE MANUFACTURE OF VARNISHES, OIL REFINING 
AND BOILING, AND KINDRED INDUSTRIES. Describing 
the Manufacture of Spirit Varnishes and Oil Varnishes ; Raw Materials : 
Resins, Solvents and Colouring Principles ; Drying Oils : their Pro- 
perties, Applications and Preparation by both Hot and Cold Processes; 
Manufacture, Employment and Testing of Different Varnishes. Trans- 
lated from the French of Ach. Livache. Greatly Extended and 
Adapted to English Practice, with numerous Original Recipes. By 
J. G. McIntosh, Lecturer on Oils, Colours and Varnishes. Price 
12s. 6d. France and Belgium, 16 frs. ; Colonies, 14s., post free. 

Contents. 

I. Resins : Gum Resins, Oleo Resins and Balsams, Commercial Varieties, Source, Collection, 
Characteristics, Chemical Properties, Physical Properties, Hardness, Adulterations, Appro- 
priate Solvents, Special Treatment, Special Use. — II. Solvents: Natural, Artificial, Manufac- 
ture, Storage, Special Use.— III. Colouring : Principles, (i) Vegetable, (2) Coal Tar, (3) Coloured 
Resinates, (4) Coloured Oleates and Linoleates. — Gum Running: Furnaces, Bridges, Flues, 
Chimney Shafts, Melting Pots, Condensers, Boiling or Mixing Pans, Copper Vessels, Iron 
Vessels (Cast), Iron Vessels (Wrought), Iron Vessels (Silvered), Iron Vessels (Enamelled), 
Steam Superheated Plant, Hot-air Plant.— Spirit Varnish Manufacture : Cold Solution Plant, 
Mechanical Agitators, Hot Solution Plant, Jacketted Pans, Mechanical Agitators, Clarification 
and Filtration, Bleaching Plant, Storage Plant.— Manufacture, Characteristics and Uses of the 
Spirit Varnishes yielded by : Amber, Copal, Dammar, Shellac, Mastic, Sandarac, Rosin, Asphalt, 
India Rubber, Gutta Percha, Collodion, Celluloid, Resinates, Oleates. — Manufacture of Varnish 
Stains. — Manufacture of Lacquers. — Manufacture of Spirit Enamels. — Analysis of Spirit Var- 
nishes. — Physical and Chemical Constants of Resins. — Table of Solubility of Resins in different 
Menstrua. — Systematic qualitative Analysis of Resins Hirschop's tables. — Drying Oils : Oil Crush- 
ing Plant, Oil Extraction Plant, Individual Oils, Special Treatment of Linseed Oil, Poppyseed 
Oil, Walnut Oil, Hempseed Oil, Llamantia Oil, Japanese Wood Oil, Gurjun Balsam, Climatic 
Influence on Seed and Oil. — Oil Refining : Processes, Thenard's, Liebig's, Filtration, Storage, 
Old Tanked Oil.— Oil Boiling: Fire Boiling Plant, Steam Boiling Plant, Hot-air Plant, Air 
Pumps, Mechanical Agitators, Vincent's Process, Hadfield's Patent, Storer's Patent, Walton's 
Processes, Continental Processes, Pale Boiled Oil, Double Boiled Oil, Hartley and Blenkinsop's 
Process. — Driers: Manufacture, Special Individual Use of (i) Litharge, (2) Sugar of Lead, (3) 
Red Lead, (4) Lead Borate, (5) Lead Linoleate, (6) Lead Resinate, (7) Black Oxide of Man- 
ganese, (8) Manganese Acetate, (9) Manganese Borate, (10) Manganese Resinate, (11) Manganese 
Linoleate, Mixed Resinates and Linoleates, Manganese and Lead, Zinc Sulphate, Terebine, 
Liquid Driers. — Solidified Boiled Oil.— Manufacture of Linoleum. — Manufacture of India 
Rubber Substitutes. — Printing Ink Manufacture, — Lithographic Ink Manufacture. — Manufacture 
of Oil Varnishes. — Running and Special Treatment of Amber, Copal, Kauri, Manilla. — Addition 
of Oil to Resin. — Addition of Resin to Oil. — Mixed Processes. — Solution in Cold of previously 
fused Resin. — Dissolving Resins in Oil, etc, under pressure. — Filtration. — Clarification. — 
Storage. — Ageing. — Coachmakers' Varnishes and Japans. — Oak Varnishes. — Japanners' Stoving 
Varnishes. — Japanners' Gold Size. — Brunswick Black.— Various Oil Varnishes. — Oil-Varnish 
Stains. — Varnishes for " Enamels ". — India Rubber Varnishes. — Varnishes Analysis : Pro- 
cesses, Matching. — Faults in Varnishes : Cause. Prevention. — Experiments and Exercises. 

Press Opinions. 

" There is no question that this is a useful book." — Chemist and Druggist. 

" The different formulae which are quoted appear to be far more * practical ' than such as are 
usually to be found in text-books ; and assuming that the original was published two or three 
years ago, and was only slightly behindhand in its information, the present volume gives a fair 
insight into the position of the varnish industry." — The Irotnuonger. 

THE TESTING AND VALUATION OF RAW MATERIALS 
USED IN PAINT AND COLOUR MANUFACTURE. By M. W. 

JoNKS, F.C.S. A book for the laboratories of colour works. Price 5s. ; 
Colonies and Continent, 6s., strictly net, post free. 

Contents. 

Aluminium Compounds. China Clay. Iron Compounds. Potassium Compounds. Sodium 
Compounds. Ammonium Hydrate. Acids. Chromium Compounds. Tin Compounds. Copper 
Compounds. Lead Compounds. Zinc Compounds. Manganese Compounds. Arsenic Com- 
pounds. Antimony Compounds. Calcium Compounds. Barium Compounds. Cadmium 
Compounds. Mercury Compounds. Ultramarine. Cobalt and Carbon Compounds. Oils. 
Index. 

Press Opinion. 

" Though this excellent little work can appeal only to a limited class, the chemists in colour 
works, yet it will appeal to them very strongly indeed, for it will put them on the track of short, 
rapid, and yet approximately, accurate methods of testing the comparative value of competing 
samples of raw material used in paint and colour manufacture." — North British Daily Mail. 



THE CHEMISTRY OF ESSENTIAL OILS AND ARTIFI- 
CIAL PERFUMES. By Ernest J. Parry, B.Sc. (Lond.), F.i:C., 
F.C.S. Illustrated with 20 Engravings. 400 pp. Price 12s. 6d. ; 
Abroad, 14s., strictly net, post free. 

Contents. 

Chapters I., The General Properties of Essential Oils.— II., Compounds occurrinsr 
in Essential Oils.— III., The Preparation Of Essential Oils.— IV., The Analysis of 
Essential Oils.— V., Systematic Study of the Essential Oils.— VI., Terpeneless Oils.— 
VII., The Chemistry of Artificial Perfumes.— Appendix : Table of Constants. 

PrBSS Opinionsm 

" At various times monographs have been printed by individual workers, but it may safely 
be said that Mr. Parry is the first in these latter days to deal with the subject in an adequate 
manner. His book is well conceived and well written. . . . He is known to have sound practical 
experience in analytical methods, and he has apparently taken pains to make himself au fait 
Mrith the commercial aspects of the suhject."— Chemist and Druggist. 

" We can heartily recommend this volume to all interested in the subject of essential oils 
from the scientific or the commercial standpoint." — British and Colonial Druggist. 

" There can be no doubt that the publication will take a high place in the list of scientific 
text-hooks."— London Argus. 

" A mpst useful appendix is inserted, giving a table of constants for the more important 
essential oils. . . . This, in itself, is of sufficient importance and use to warrant the publication 
of the book, and, added to the very complete classification and consideration of the essential 
oils which precedes it, the volume becomes of great value to all interested." — Glasgow Herald. 

" Mr. Parry has done good service in carefully collecting and marshalling the results of the 
numerous researches published in various parts of the world." — Pharmaceutical Journal. 

COLOUR: A HANDBOOK OF THE THEORY OF COLOUR. 

By George H. Hurst, F.C.S. With 10 coloured Plates and 72 Illus- 
trations. Price 7s. 6d. ; Abroad, 9s., post free. 

Contents. 

Chapters I., Coiour and its Production.— II., Cause of Colour m Coloured Bodies.— 
III., Colour Plienomena and Tiieories.- IV., Tiie Physiolos^^ of Llgflit.- V., Contrast. 
— VI., Colour in Decoration and Desigfn.— VII., Measurement of Coiour. 

Press Opinions. 

" This is a workmanlike technical manual, which explains the scientific theory of colour in 
terms intelligible to everybody. ... It cannot but prove both interesting and instructive to all 
classes of workers in colour." — Scotsman. 

" Mr. Hurst's Handbook on the Theory of Colour will be found extremely useful, not only to 
the art student, but also to the craftsman, whose business it is to manipulate pigments and 
dyes." — Nottingham Daily Guardian. 

" It is thoroughly practical, and gives in simple language the why and wherefore of the many 
colour phenomena which perplex the dyer and the colourist," — Dyer and Calico Printer. ^ 

" We have found the book very interesting, and can recommend it to all who wish to master 
the difierent aspects of colour theory, with a view to a practical application of the knowledge so 
gained." — Chemist and Druggist. 

" It will be found to be of direct service to the majority of dyers, calico printers and colour 
mixers, to whom we confidently recommend it " — Chemical Trade Journal. 

•' This useful little book possesses considerable merit, and will be of great utility to those for 
whom it is primarily intended." — Birmingham J'ost. 

IRON-CORROSION, ANTI-FOULINQ AND ANTI- 
CORROSIVE PAINTS. By Louis Edgar Andks. 275 pp., 
sixty-two Illustrations. Translated from the German, Price 10s. 6d. ; 
Abroad, 12s., strictly net, post free. 

Contents. 

Ironrust and its Formation — Protection from Rusting by Paint — Grounding the Iron with 
Linseed Oil, etc. — Testing Paints — Use of Tar for Painting on Iron — Anti-corrosive Paints — 
Linseed Varnish — Chinese Wood Oil — Lead Pigments— Iron Pigments — Artificial Iron Oxides 
— Carbon — Preparation of Anti-corrosive Paints — Results of Examination of Several Anti- 
corrosive Paints — Paints for Ship's Bottoms— Anti-fouling Compositions — Various Anti-cor- 
rosive and Ship's Paints — Official Standard Specifications for Ironwork Paints — Index. 

Press Opinion, 

" The book before us deals with the subject in a manner at once practical and scientific, and 
is well worthy of the attention of all builders, architects and engineers." — The Builder. 
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THE LEATHER WORKER'S MANUAL. Being a Com- 

pendium of Practical Recipes and Working Formulae for Curriers, 
Bootmakers, Leather Dressers, Blacking Manufacturers, Saddlers, 
Fancy Leather Workers, and all Persons engaged in the Manipulation 
of Leather. By H. C. Stan dag e. Price 7s. 6d. ; Abroad, 9s., strictly 
net, post free. 

Contents. 
Chapters I., Blackings, Polishes, Glosses, Dressings, Renovators, etc., for Boot and Shoe 
Leather. — II., Harness Blackings, Dressings, Greases, Compositions, Soaps, and Boot-top 
Powders and Liquids, etc., etc. — III., Leather Grinders' Sundries. — IV., Currier's Seasonings, 
Blacking Compounds, Dressings, Finishes, Glosses, etc. — V., Dyes and Stains for Leather. — 
VI., Miscellaneous Information. — VII., Chrome Tannage. — Index. 

Press Opinions, 

"The book being absolutely unique, is likely to be of exceptional value to all whom it con- 
cerns, as it meets a long-felt want." — Birmingham Gazette. 

" This is a valuable collection of practical receipts and working formulae for the use of those 
engaged in the manipulation of leather. We have no hesitation in recommending it as one of 
the best books of its kind, an opinion which will be endorsed by those to whom it appeals." — 
Liverpool Mercury. 

GLUE AND GLUE TESTING. By Samuel Rideal, D.Sc. 

Lond., F.I.C. Fourteen Engravings. Price 10s. 6d., strictly net ; United 
States, 3 dols. ; Germany, 12 mks. ; France and Belgium, 13frs., post free. 

Contents. 

Chapters I., Constitution and Properties: Definitions, Sources, Gelatine, Chondrin and 
Allied Bodies, Physical and Chemical Properties, Classification, Grades and Commercial 
Varieties.— II., Raw Materials and Manufacture : Glue Stock, Lining, Extraction, 
Washing and Clarifying, Filter Presses, Water Supply, Use of Alkalies, Action of Bacteria and 
of Antiseptics, Various. Processes, Cleansing, Forming, Drying, Crushing, etc., Secondary 
Products. — III., Uses of Qlue: Selection and Preparation for Use, Carpentry, Veneering, 
Paper Making, Book-binding, Printing Rollers, Hectographs, Match Manufacture, Sandpaper, 
etc., Substitutes for other Materials, Artificial Leather and Caoutchouc. — IV., Gelatine : 
General Characters, Liquid Gelatine, Photographic Uses, Size, Tanno- Chrome, and Formo- 
Gelatine, Artificial Silk, Cements, Pneumatic Tyres, Culinary, Meat Extracts, Isinglass, 
Medicinal and other Uses, Bacteriology —V., Qlue Testingf: Review of Processes, Chemical 
Examination, Adulteration, Physical Tests, Valuation of Raw Materials. — VII., Commercial 
Aspects. 

Press Opinion. 

" This work is of the highest technical character, and gives not only a full and practical 
account of the raw materials and manufacture of glues, gelatines and similar substances, but 
gives many hints and information on the use of such substances in veneering, carpentry and 
many other purposes. Many tests are given for glue in different stages of the progress of its 
manufacture, and the commercial value of a commodity so much in general use is exemplified 
by statistics and figures. It is certainly a valuable treatise upon an article for which very little 
literature in any form has previously been obtainable." — Carpenter and Builder. 

PURE AIR, OZONE AND WATER. A Practical Treatise 

of their Utilisation and Value in Oil, Grease, Soap, Paint, Glue and 
other Industries. By W. B. Cowell. Twelve Illustrations. Price 
5s. ; Abroad, 6s., strictly net, post free. 

Contents, 

Chapters I., Atmospheric Air; Lifting of Liquids; Suction Process; Preparing Blown Oils;. 
Preparing Siccative Drying Oils. — II., Compressed Air; Whitewash. — III., Liquid Air; Retro- 
cession. — IV., Purification of Water; Water Hardness. — V., Fleshings and Bones. — VI., Ozon- 
ised Air in the Bleaching and Deodorising of Fats, Glues, etc. ; Bleaching Textile Fibres. — 
Appendix: Air and Gases; Pressure of Air at Various Temperatures; Fuel; Table of Com- 
bustibles ; Saving of Fuel by Heating Feed Water ; Table of Solubilities of Scale Making 
Minerals ; British Thermal ; Units Tables ; Volume of the Flow of Steam into the Atmosphere ; 
Temperature of Steam. — Index. 

Books on Pottery, Glass, etc. 

THE MANUAL OF PRACTICAL POTTING. Price 17s. 6d. ; 

Colonies and Continent, 18s., post frj . 

Contents. 

Introduction. The Rise and Progress of the Potter's Art.— Chapters I., Bodies. China 
and Porcelain Bodies, Parian Bodies, Semi-porcelain and Vitreous Bodies, Morter Bodies, 
Earthenwares Granite and C.C. Bodies, Miscellaneous Bodies, Sagger and Crucible Clajrs, 
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Coloured Bodies, Jasper Bodies, Coloured Bodies for Mosaic Painting, Encaustic Tile Bodies, 
Body Stains, Coloured Dips. — II., Qlazes. China Glazes, Ironstone Glazes, Earthenware 
Glazes, Glazes without Lead, Miscellaneous Glazes, Coloured Glazes, Majolica Colours. — III., 
Qold and Cold Colours. Gold, Purple of Cassius, Marone and Ruby, Enamel Colour Bases, 
.Enamel Colour Fluxes, Enamel Colours, Mixed Enamel Colours, Antique and Vellum Enamel 
Colours, Underglaze Colours, Underglaze Colour Fluxes, Mixed Underglaze Colours, Flow 
Powders, Oils and Varnishes.— IV., Means and Methods. Reclamation of Waste Gold, The 
Use of Cobalt, Notes on Enamel Colours, Liquid or Bright Gold.— V., Classification and 
Analysis. Classification of Clay Ware, Lord Playfair's Analysis of Clays, The Markets of the 
World, Time and Scale of Firing, Weights of Potter's Material, Decorated Goods Count.— 
VI., Comparative Loss of Weight of Clays.— VII., Ground Felspar Calculations.— VIII. , The 
<}onversion of Slop Body Recipes into Dry Weight. — IX., The Cost of Prepared Earthenware 
Clay. — X., Forms and Tables. Articles of Apprenticeship, Manufacturer's Guide to Stock- 
taking, Table of Relative Values of Potter's N^aterials, Hourly Wages Table, Workman's 
Settling Table, Comparative Guide for Earthenware and China Manufacturers in the Use of 
Slop Flint and Slop Stone, Foreign Terms applied to Earthenware and China Goods, Table 
■for the Conversion of Metrical Weights and Measures on the Continent of South America. 

CERAMIC TECHNOLOGY : Being some Aspects of Technical 
Science as Applied to Pottery Manufacture. Edited by Charles F. 
BiN.NS. Price 12s. 6d. ; Colonies and Continent, 14s., post free. 

Contents. 

Preface.— Introduction. — Chapters I., The Chemistry of Pottery — II., Analysis and Syn- 
thesis. — III., Clays and their Components. — IV., The Biscuit Oven. — V., Pyrometry. — VI., 
Glazes and their Composition. — VII,, Colours and Colour-making — Index. 

COLOURING AND DECORATION OF CERAMIC WARE. 

By Alex. Brongniart. With Notes and Additions by Alphonse 
Salvetat. Translated from tiie French. 200 pages. Price 7s. 6d., 
strictly net, post free. 

HOW TO ANALYSE CLAY. Practical Methods for Practical 

Men. By Holden M. Ashby, Professor of Organic Chemistry. Price 
2s. 6d., strictly net, post free. 

THE ART OF RIVETING GLASS, CHINA AND EARTHEN- 
WARE. By J. HowARTH. Second Edition. Price Is. ; by posr. is. 2d. 

PAINTING ON GLASS AND PORCELAIN AND ENAMEL 

PAINTING. A Complete Introduction to the Preparation of all the 
Colours and Fluxes used for Painting on Porcelain, Enamel, Faience 
and Stoneware, the Coloured Pastes and Coloured Glasses, together 
with a Minute Description of the Firing of Colours and Enamels. On 
the Basis of Personal Practical Experience of the Condition of the Art 
up to Date. By Felix Hermann, Technical Chemist. With 18 Illus- 
trations. Second, greatly Enlarged, Edition. Price 10s. ('d. ; Ger- 
many, 12 mks. ; France and Belgiuni, 13 frs., post free. 

Contents. 
History of Glass Painting.— Chapters 1., The Articles to be Painted: Glass, Porcelain, 
Enamel, Stoneware, Faience. — II., Pigments: i. Metallic Pigments: Antimony Oxide. Naples 
Yellow, Barium Chromate, Lead Chromate. Silver Chloride. Chromic Oxide.— HI., Fluxes: 
Fluxes, Felspar, Quartz, Purifying Quartz. Sedimentation. Quenching, Horax. Boracic Acid, 
Potassium and Sodium Carbonates, Roi aille Flu.\. IV., Preparation of the Colours for Glass 
Painting. — V., The Colour Pastes. — VI.. The Coloured Glasses.— VII., Composition of the 
Porcelain Colours. — VIII., The Enamel Colours: Enamels for Artistic Work.— IX., Metallic 
Ornamentation: Porcelain Gilding, Glass Ciildinjj. — X., Firing the Colours: i. Remarks on 
Firing: Firing Colours on Glass, Firing Colours on Porcelain; 2, The Muffle— XI., .Accidents 
occasionally Supervening during the Process ol Firing. — Xll.. Remarks on the Different 
Methods of Painting on Glass, Porcelain, etc.- Appendix: Cleaning Old Glass Paintings. 

Press Opinions. 
" A reliable treatise on the preparation of the colours and fluxes, with exhaustive quantitative 
recipes, and minute descriptions of the firing of colours and enamels, is of no small technical 
importance, and emanating from so distinguished an authority as Felix Hermann, Brongniart's 
successor in the direction of the Stivres manufactory, merits the earnest study of all engaged in 
the porcelain and kindred industries in England. ... In every district of England where art 
porcelain and glass is manufactured this treatise should be widely circulated, and its contents 
made familiar to all engaged, in whatever capacity, in the trade."- -/-ft'^/s Menitry. 

"The whole cannot fail to be both of interest and service 'o glass workers and to potters 
f^enerally, especially those employed upon high-class work." — Staffordshire Sentiml. 
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A Reissue of THE HISTORY OF THE STAFFORDSHIRE 
POTTERIES; AND THE RISE AND PROGRESS OF THE 
MANUFACTURE OF POTTERY AND PORCELAIN. With 
References to Genuine Specimens, and Notices of Eminent Potters. 
By Simeon Shaw. (Originally Published in 1829.) Price 7s. 6d., 
strictly net, post free ; Abroad, 9s. 

Contents. 
Introductory Chapter showing the position of the Pottery Trade at the present time 
(1899).— Chapters I., Preliminary Remarks.— II., The Potteries, comprising Tunstall, 
Brownhills, Greenfield and New Field, Golden Hill, Latebrook, Green Lane, Burslem, 
Longport and Dale Hall, Hot Lane and Cobridge, Hanley and Shelton, Etruria, Stoke, Penk- 
hull, Fenton, Lane Delph, Foley, Lane End.— III., On the Origin of the Art, and its 
Practice among the early Nations. — IV., Manufacture of Pottery, prior to 1700. — V., The 
introduction of Red Porcelain by Messrs. Elers, of Bradwell, 1690. — VI., Prog-ress of 
the Manufacture from 1700 to Mr. Wedgewood's commencement in 1760. — VII., Introduc- 
tion of Fluid Qlaze. Extension of the Manufacture of Cream Colour. — Mr. Wedgwood's 
Queen's Ware. — Jasper, and Appointment of Potter to her Majesty. — Black Printing. — VIII., 
Introduction of Porcelain. Mr. W. Littler's Porcelain. — Mr. Cookwcrthy's Discovery of 
Kaolin and Petuntse, and Patent.— Sold to Mr. Champion — resold to the New Hall Com. — 
Extension of Term. — IX., Blue Printed Pottery- Mr. Turner, Mr. 3pode (i), Mr. Baddele^, 
Mr. Spode (2), Messrs. Turner. Mr. Wood, Mr. Wilson, Mr. Minton. — Great Change m 
Patterns of Blue Printed. — X., Introduction of Lustre Pottery. Improvements in Pottery 
and Porcelain subsequent to 1800. 

Press Opinions. 
" This work is all the more valuable because it gives one an idea of the condition of ailairs 
existing in the north of Staffordshire before the great increase in work and population due to- 
modern developments." — Western Morning A't'vs. 

" The book will be especially welcomed at a time when interest in the art of pottery manu- 
facture commands a more widespread and general interest than at any previous time." — Wolver- 
hampton Chronicle. 

" Copies of the original work are now of considerable value, and the facsimile reprint now issued 
cannot but prove of considerable interest to all interested in the great indus ry." — Derby Mercury. 
'• There is much cucious and useful information in the work, and the publishers have rendere«f 
the pubKc a service in reissuing it." — Ihtrton Mail. 

A Reissue of THE CHEMISTRY OF THE SEVERAL 
NATURAL AND ARTIFICIAL HETEROGENEOUS COM- 
POUNDS USED IN MANUFACTURING PORCELAIN, 
GLASS, AND POTTERY. By Simeon Shaw. (Originally 
Published in 1837.) Price 17s. 6d. ; Colonies and Continent, 18s., 
strictly net, post free. 

Contents. 
PART I., ANALYSIS AND MATERIALS— Chapters I , Introduction: Laboratory and 
Apparatus ; Elements : Combinative Potencies, Manipulative Processes for Analysis and 
Reagents, Pulverisation, Blow-pipe Analysis, Humid Analysis. Preparatory Manipulations^ 
General Analytic Processes, Compounds Soluble in Water, Compounds Soluble only in 
Acids, Compounds (Mixed) Soluble in Water, Compounds (Mixed) Soluble in Acids, Compounds 
(Mixed) Insoluble, Particular Analytic Processes — II.. Temperature : Coal, Steam Heat for 
Printers' Stoves — III., Acids and Alkalies: Boracic Acid, Muriatic Acid, Nitric Acid. Sul- 
phuric Acid, Potash, Soda, Lithia, Calculation of Chemical Separations — IV., The EartilS : 
Alumine, Clays, Silica, Flint. Lime, Plaster of Paris, Magnesia, Barytes, Felspar. Grauen (or 
China Stone) China Clay, Chert — V., Metals : Reciprocal Comb native Potencies of the Metals, 
Antimony, Arsenic, Chromium, Green Oxide, Cobalt, Chromic Acid, Humid Separation of 
Nickel from Cobalt, Arsenite cf Cobalt, Copper, Gold. Iron, Lead, Manganese, Platinum, Silver, 
Tin, Zinc. 

PART II., SYNTHESIS AND COMPOUNDS.— Chapters I., Sketch of the Origin and 
Progress of the Art — II., Science of Mixing': Scientific Principles of the Manufacture. Com- 
binative Potencies of the Earths. — III., Bodies: Porcelain— Hard, Porcelain— Fritt d Bodies, 
Porcelain — Raw Brdies, Porcelain — Soft, Fritted Bodies, Raw Bodies, Stone Bodies, Ironstone, 
Dry Bodies, Chemical Utensils, Fritted Jasper, Fritted Pearl, Fritted Drab, Raw Chemical- 
Utensils, Raw Stone, Raw Jasper, Raw Pearl, Raw Mortar, Raw Drab, Raw Brown Raw F"awn, 
Raw Cane, Raw Red Porous, Raw Egyptian, Earthenware, Queen's Ware, Cream Colour, Blue 
and Fancy Printed, Dipped and Mocha, Chalky, Rings, Stilts, etc. — IV., Qlazes : Porcelain — 
Hard Fritted, Porcelain — Soft Fritted, Porcelain— Soft Raw, Cream Colour Porcelain, Blue 
Printed Porcelain, Fritted Glazes, Analysis of Fritt, Analysis of Glaze, Coloured Glazes, Dips, 
Smears, and Washes; Glasses: Flint Glass, Coloured Glasses. Artificial Garnet, Artificial 
Emerald, Artificial Amethyst, Artificial Sapphire, Artificial Opal. Plate Glass, Crown Glass, 
Broad Glass, Bottle Glass, Phosphoric Glass, British Steel Glass, Glass-Staining and Painting, 
Engraving on Glass, Dr. Faraday's Experiments.— \'., Colours: Colour Making, Fluxes or 
Solvents, Components of the Colours; Reds, etc., from Gold, Carmine or Rose Colour, 
Purple, Reds, etc., from Iron, Blues, Yellows, Greens, Blacks, White, Silver for Burnishing^ 
Gold for Burnishing, Printer'o Oil, Lustres. 
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PART III., TABLES OF THE CHARACTERISTICS OF CHEMICAL SUB- 
STANCES.— Preliminary Remarks, Oxygen (Tables), Sulphur and its Compounds, Nitrogen 
ditto. Chlorine ditto, Bromine ditto, Iodine ditto. Fluorine ditto, Phosphorus ditto, Boron ditto. 
Carbon ditto. Hydrogen ditto. Observations, Ammonium and its Compounds (Tables), Thorium 
ditto. Zirconium ditto. Aluminium ditto. Yttrium ditto, Glucinum ditto. Magnesium ditto, 
Calcium ditto. Strontium ditto. Barium ditto. Lithium ditto. Sodium and its Compounds, 
Potassium ditto. Observations, Selenium and its Compounds (Tables), Arsenic ditto. Chromium 
ditto. Vanadium ditto. Molybdenum ditto, Tungsten ditto. Antimony ditto, Tellurium ditto, 
Tantalum ditto, Titanium ditto, Silicium ditto, Osmium ditto, Gold ditto. Iridium ditto. Rhodium 
ditto. Platinum ditto, Palladium ditto, Mercury ditto. Silver ditto. Copper ditto, Uranium ditto, 
Bismuth aud its Compounds, Tin ditto, Lead ditto, Cerium ditto. Cobalt ditto. Nickel ditto. 
Iron ditto. Cadmium ditto, Zinc ditto. Manganese ditto, Observations, Isomorphous Groups, 
Isomeric ditto, Metameric ditto, Polymeric ditto, Index. 

ENAMELS AND ENAMELLING. An Introduction to the 

Preparation and Application of all Kinds of Enamels for Technical 
and Artistic Purposes, For Enamel Makers, Workers in Gold and 
Silver, and Manufacturers of Objects of Art. By Paul Randau. 
Translated from the German. With 16 Illustrations. Price 10s. 6d. ; 
Abroad, 12s., strictly net, post free. 

Contents. 

I., Introduction. — II., Composition and Properties of Glass. — III., Raw Materials for the 
Manufacture of Enamels. — IV., Substances Added to Produce Opacity. — V., Fluxes. VI., Pig- 
ments. — VII., Decolorising Agents. — VIII., Testing the Raw Materials with the Blow-pipe 
Flame. — IX., Subsidiary Materials. — X., Preparing the Materials for Enamel Making.— XI., 
Mixing the Materials. — XII., The Preparation of Technical Enamels : The Enamel Mass. 
— XIII., Appliances for Smelting the Enamel Mass. — XIV., Smelting the Charge.— XV., Com- 
position of Enamel Masses. — XVI., Composition of Masses for Ground Enamels. — XVII., 
Composition of Cover Enamels. — XVIII., Preparing the Articles for Enamelling. — XIX., 
Applying the Enamel. — XX., Firing the Ground Enamel. — XXI., Applying and Firing the 
Cover Enamel or Glaze. — XXII., Repairing Defects in Enamelled Ware. — XXIII.. Enamelling 
Articles of Sheet Metal. — XXIV., Decorating Enamelled Ware. — XXV., Specialities in 
Enamelling. — XXVI., Dial-plate Enamelling. — XXVII. , Enamels for Artistic Purposes: Re- 
cipes for Enamels of Various Colours.— Index. 

Books on Textile Subjects. 

THE TECHNICAL TESTING OF YARNS AND TEXTILE 

FABRICS, with Reference to Official Specifications. Translated 
from the German of Dr. J. Herzfeld. With 69 Illustrations. Price 
10s. 6d. ; France and Belgium, 13 frs. ; Colonies, 12s., post free. 

Contents. 

Yam Testinsf. III., Determining: the Yarn Number.— IV., Testing: the Leng:th 
of Yarns.— v., Bxamination of the External Appearance of Yarn.— VI., Determining: 
the Twist of Yarn and Twist.— VII., Determination of Tensile Strength and 
Elasticity.— VI 1 1., Estimating the Percentage of Fat in Yarn.— IX., Determination 
of Moisture (Conditioning).— Appendix. 

Press Opinions. 

" The author has endeavoured to collect and arrange in systematic form for the first time all 
the data relating to both physical and chemical tests as used throughout the whole of the 
textile industry, so that not only the commercial and textile chemist who has frequently to 
reply to questions on these matters, but also the practical manufacturer of textiles and his 
subordinates, whether in spinning, weaving, dyeing, and finishing, are catered for. . . . The 
book is profusely illustrated, and the subjects of these illustrations are clearly described." — 
Textile Manufacturer. 

" This is probably the most exhaustive book published in English on the subject dealt with. 
. . . We have great confidence in recommending the purchase of this book by all manufacturers 
of textile goods of whatever kind, and are convinced that the concise and direct way in which it 
is written, which has been admirably conserved by the translator, renders it peculiarly adapted 
for the use of English readers." — Textile Recorder. 

" A careful study of this book enables one to say with certainty that it is a standard work on 
the subject. Its importance is enhanced greatly by the probability that we have here, for the 
first time in our own language, in one volume, a full, accurate, and detailed account, by a prac- 
tical expert, of the best technical methods for the testing of textile materials, whether in the 
raw state or in the more or less finished product." — (ilasKoic Herald. 

*' It would be well if our Enjilish manufacturers would avail themselves of this important 
addition to the extensive list of German publications which, by the spread of technical infor- 
mation, contribute in no small degree to the success, and sometimes to the supremacy, of 
Germany in almost every branch of textile manufacture." — .Manchester Courier. 
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DECORATIVE AND FANCY TEXTILE FABRICS. With 

Designs and Illustrations. By R. T. Lord. A Valuable Book for 
Manufacturers and Designers of Carpets, Damask, Dress and all 
Textile Fabrics. Price 7s. 6d. ; Other Countries, 9s., post free. 

Contents. 

Chapters I., A few Hints on Designing Ornamental Textile Fabrics. — II., A few Hints on 
Designing Ornamental Textile Fabrics (continued). — III., A few Hints on Designing Orna- 
mental Textile Fabrics (continued). — IV., A few Hints on Designing Ornamental Textile 
Fabrics (continued). — V., Hints for Ruled-paper Draughtsmen. — VI., The Jacquard Machine. — 
VII., Brussels and Wilton Carpets.— VIII., Tapestry Carpets. — IX., Ingrain Carpets. — X. 
Axminster Carpets. — XI., Damask and Tapestry Fabrics. — XII., Scarf Silks and Ribbons. — 
XIII., Silk Handkerchiefs.— XIV., Dress Fabrics.— XV., Mantle Cloths.— XVI., Figured Plush- 
—XVII., Bed Quilts.— XVIII.— Calico Printing. 

Proas Opinions. 

" The book is to be commanded as a model manual, appearing at an opportune time, since 
«very day is making known a growing desire for development in British industrial art." — 
Dundee Advertiser. 

" Those engaged in the designing of dress, mantle tapestry, carpet and other ornamental 
textiles will find this volume a useful work of reference." — Leeds Mercury. 

" The writer's avocation is that of a designer for the trade, and he therefore knows what he 
is writing about. . . . The work is well printed and abundantly illustrated, and for the author's 
share of the work we have nothing but commendation. It is a work which the student designer 
will find thoroughly useful." — Textile .Mercury, 

" Designers especially, who desire to make progress in their calling, will do well to take the 
hints thrown out in the first four chapters on * Designing Ornamental Textile Fabrics '.** — 
Nottingham Daily Guardian. 

" The book can be strongly recommended to students and practical men." — Textile Colorist. 

POWER-LOOM WEAVING AND YARN NUMBERING, 

according to various Systems, with Conversion Tables. An Auxiliary 
and Text-book for Pupils of Weaving Schools, as well as for self- 
instruction and for general use, by those engaged in the Weaving 
Industry. Translated from the German of Anthon Gruner. With 
Coloured Diagrams. Price 7s. 6d. ; Abroad, 9s., strictly net, post 

free. 

Contents. 

I., Power-Loom Weaving' in General. Various Systems of Looms.— II , Mountinif 
and Starting the Power- Loom. Knglish Looms.— Tappet or Treadle Looms.— Dobbies. — 
III., General Remarks on the Numbering, Reeling and Packing^ of Yarn.— Appendix.— 
Useful Hints. Calculating Warps. — Welt Calculations. — Calculations of Cost Price in Hanks. 

Press Opinions. 

" This work brings before weavers who are actually engaged in the various branches of 
fabrics, as well as the technical student, the different parts of the general run of power-looms in 
such a manner that the parts of the loom and their bearing to each other can be readily under- 
stood. . . . The work should prove of much value, as it is in every sense practical, and is put 
before the reader in such a clear manner that it can be easily understood." — Textile Industries. 

" The work has been clearly translated from the German and published with suitable 
illustrations. . . . The author has dealt very practically with the subject." — Bradford Daily 
Tclcf^raph. 

" The book, which contains a number of useful coloured diagrams, should prove invaluable 
to the student, and its handy form will enable it to become a companion more than some cum- 
brous work." — Cotton I-'mtory Tivus. 

" The book has been prepared with great care, and is most usefully illustrated. It is a capital 
text-book for use in the weaving schools or for self-instruction, while all engaged in the weaving 
industry will find its suggestions helpful." — sXorthcrn Daily Telcf^raph. 

THE COLOUR PRINTING OF CARPET YARNS. A Useful 

Manual for Colour-Chemists and Textile Printers, by David Paterson, 
F.C.S. 132 pp. Illustrated. Price 7s. 6d. ; Abroad, 9s., strictly net, 
post free. 
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Contents. 

Chapters 1., Structure and Constitution of Wool Fibre. — II., Yarn Scouring. — III., Scouring 
Materials.— IV.. Water for Scouring. — V., Bleaching Carpet Yams. — VI., Colour Making for 
Yarn Printing. — VII., Colour Printing Pastes, — VIII., Colour Recipes for Yarn Printing. — 
IX., Science of Colour Mixing.— X^ Matching of Colours. — XL, "Hank" Printing. — XII. » 
Printing Tapestry Carpet Yarns. — XIII., Yarn Printing. — XIV., Steaming Printed Yarns. — 
XV., Washing of Steamed Yarns. — XVI., Aniline Colours suitable for Yarn Printing. — 
XVII., Glossary of Dyes and Dye-wares used in Wood Yarn Printing. — Appendix. 

Press Opinions. 

" The subject is very exhaustively treated in all its branches. . . . The work, which is very 
well illustrated with designs, machines, and wool fibres, will be a useful addition to our textile 
literature." — Northern Whig. 

" The book is worthy the attention of the trade." — Worcester Herald. 

" An eminent expert himself, the author has evidently strained every effort in order to make 
his work the standard guide of its class" — Leicester Post. 

" It-gives an account of its subject which is both valuable and instructive in itself, and likely 
to be all the more welcome because books dealing with textile fabrics usually have little or 
nothing to say about this way of decorating them." — Scotsman. 

" The work shows a thorough grasp of the leading characteristics as well as the minutix of 
the industry, and gives a lucid description of its chief departments. ... As a text-book in 
technical schools where this branch of industrial education is taught the book is valuable, 
or it may be perused with pleasure as well as profit by any one having an interest in textile 
industries." — Dundee Courier. 

" The treatise is arranged with great care^ and follows the processes described in a manner 
at once clear and convincing." — Glasgow Record. 

"The book bears every mark of an extensive practical knowledge of the subject in all its 
bearings, and supplies a real want in technical literature. Chapters IX. and X., on the science 
of colour mixing and colour matching respectively, are especially good, and we do not remember 
to have seen the bearing of various kinds of light, and of the changes from one kind of light to 
another on the work of the colourist, so well treated elsewhere." — Dyer and Calico Printer. 

" It is thoroughly practical, and contains much information which has not hitherto appeared 
in book form. It is pleasing to note that the practical part is not crowded out with purely 
' practical recipes '. A few typical examples are given, and the rest is left to the common sense 
and judgment of the printer or works' chemist. Another pleasing feature is the accounts given 
here and there of the author's own researches on the subject. The work will be of interest to 
printers of wool generally, and to those engaged in the dyeing of this fibre." — Journal of the 
Society of Dyers and Colotirists. 

THE SCIENCE OF COLOUR MIXING. A Manual in- 
tended for the use of Dyers, Calico Printers and Colour Chemists. 
By David Paterson, F.C.S. Forty-one Illustrations, five Coloured 
Plates, and four Plates showing eleven Dyed Specimens of Fabrics. 
Price 7s. 6d. ; Abroad, 9s., strictly net, post free. 

Contents. 

Chapters I., Colour a Sensation; Colours of Illuminated Bodies; Colours of Opaque and 
Transparent Bodies; Surface Colour. — II., Analysis of Light; Spectrum; Homogeneous 
Colours; Ready Method of Obtaining a Spectrum. — III., Examination of Solar Spectrum: 
The Spectroscope and its Construction ; Colourists' Use of the Spectroscope. — IV., Colour by 
Absorption; Solutions and Dyed Fabrics; Dichroic Coloured Fabrics in Gaslight.— V., Colour 
Primaries of the Scientist versus the Dyer and Artist ; Colour Mixing by Rotation and Lye 
Dyeing; Hue, Purity, Brightness; Tints; Shades, Scales, Tones, Sad and Sombre Colours. — 
VI., Colour Nlixing; Pure and Impure Greens, Orange and Violets; Large Variety of Shades 
from Few Colours; Consideration of the Practical Primaries: Red, Yellow and Blue. — VII., 
Secondary Colours ; Nomenclature of Violet and Purple Group: Tints and Shades of Violet ; 
Changes in Artificial Light. — VIII., Tertiary Shades; Broken Hues; Absorption Spectra of 
Tertiary Shades.— Appendix : Four Plates with Dyed Specimens illustrating Text. — Index. 

Books on Plumbing. 

EXTERNAL PLUMBING WORK. A Treatise on Lead Work 

for Roofs. By John \V. Hart, R.P.C. Price 7s. 6d., post free ; Other 

Countries, 8s. 

Ust of Citapters. 

Chapters I., Cast Sheet Lead. -11., Milled Sheet Lead.— III., Roof Cesspools.— IV., Socket 
Pipes.— v., Drips.— VI., Gutters.— VII., Gutters (continued).— VIII., Breaks.— IX.. Circular 
Breaks.— X., Flats.- XL, Flats (continued).— XIL, Rolls on Flats.— XIII. , Roll Ends.- XIV., 
Roll Intersections.- XV., Seam Rolls.— XVI., Seam Rolls (continued).— XVII. , Tack Fixings. 
— XVIIL, Step Flashings.— XIX., Step Flashings (continued).— XX., Secret Gutters.— XXL» 
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Soaken.— XXII.. Hip and Wiley Soakers.— XXIII.. Dormer Windows.— XXIV., Donner 
Windows icoDUcoedi. — XXV.. Doncer Tops. — XXVI.. Internal Dormers. — XXVII., Skylights. 
—XXVIII.. Hips and Ridsin^.— XXIX.. Hips and Ridging (oontinaed).— XXX.. Fixings for 
Hips and Ridging.— XXXI ..Ornamental Ridgmg.— XXXI I.. Ornamental Curb Rolls.— XXXIII.. 
Ccrb Rolls.- XXXI v.. Cornices.— XXXV.. Towers and Finials.— XXXVI.. Towers and Finials 
^continued).- XXXVII.. Towersand Finials •continoed).— XXXVIII.. Domes.— XXXIX^Domes 
(continued).— XL.. Omainental Lead Work.— XLL. Rain Water Heads.— XLII.. Rain Water 
H^ds (contincedp. — XLIII.. Rain Water Heads icontinned). 



" The publication of this book will do much to stimulate attention and stndy to external 
plL^mbing work, for it is a book which we can heartily recommend to every plumber, both old 
and young, who desires to make himself proficient in the several Ivanches of his trade. We 
can hcarti]y recommend the book to plumbers and architects." — Sanitary Record. 

" This is an eminently practical and well-illustrated volume on the management of external 
lead work." — hirmtn-^ham Daily Post. 

" It is thoroui^hly practical, containing many valuable hints, and cannot fail to be of great 
benefit to those who have not had large experience." — Sanitary Journal. 

" With .Mr. Hart's treatise m his hands the young plumber need not be afraid of tacklix^g 
outside work. He would do well to study its pages at leisure, so that he may be ready for it 
when called upon." — Jronntonnery. 

'* Works on sanitarv' plumbing are by no means rare, but treatises dealing with external 
plumbing %%ork are sutticiently scarce to ensure for Mr. Hart's new puUication a hearty recep- 
tion." — I he Ironmonner. 
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X., Introduction. — Chapters I.. Pipe Bending. — II., Pipe Bending (continued). — III., Pipe 
Bending (continued). — IV., Square Pipe Bendings. — V., Half-circular Elbows. — VI., Curved 
Bends on Square Pipe. — VII,, Bossed Bends. — VIII., Curved Plinth Bends. — IX., Rain-water 
Shoes on Square Pipe.— X,, Curved and Angle Bends. — XI., Square Pipe Fixings. — XII., Joint- 
wiping.— XIII., Substitutes for Wiped Joints.— XIV., Preparing Wiped Joints. — XV., Joint 
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ing,— XIX., I'nderhand Joints. — XX,. Blown and Copper Bit Joints. — XXL, Branch Joints. — 
XXII., Branch Joints (continued).— XXIII.. Block Joints.— XXIV., Block Joints (continued). — 
XXV,, Block Fixings, — XXVI., Astragal Joints — Pipe Fixings, — XXVII., Large Branch 
Joints. —XXVIII. , Large Underhand Joints.— XXIX., Solders. — XXX., Autogenous Soldering- 
or Lead Burning. 

Proas Opinions. 

•* Rich in useful diagrams as well as in hints." — Liverpool Mercuty. 

" A well got-up and well-done practical book. It is freely illustrated and is a reliable help in 
respect of some of the most awkward work the young plumber has to perform." — The Ironmonger. 

" The papers are eminently practical, and go much further into the mysteries they describe 
than the title ' Hints' properly suggests." — Scotsman. 

" The articles are apparently written by a thoroughly practical man. As a practical guide 
the book will doubtless be of much service." — Glasgow Herald. 

** So far as the practical hints in this work are concerned, it will be useful to apprentices and 
students in technical schools, as it deals mainly with the most important or difficult branches of 
the plumber's craft, viz., joint wiping, pipe bending and lead burning. . . . 'Hints' are the 
most useful things to an apprentice, and there are many in this work which are not to be found 
in some of the text-books." — English Mechanic. 

"It is ji book for the intelligent operative first of all, not a mere manual of instruction 
for the beginner, nor yet a scientific treatise on the whole art of sanitary plumbing. The 
special subject with which it deals is joint-making, the most important branch of the operative's 
work, and into this topic the author goes with a thoroughness that is full of suggestion to even 
the most experienced workman. There is no one who has to do with plumbing but could read 
the book with profit. "--/ronmon/,''^;.)'. 
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